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Chapter i 


INTRODUCTION 


I Common diseases caused by M. phaseoUna 
n. Major cultivated hosts include 
ni. Classification 

IV. Nomenclature 

V. Importance of proposed research and objectives 

VI. Major objectives 


INTRODUCTION 


Macrophomina pJiaseolina (hereafter referred as M. phaseolina) is a primarily soil- 
borne pathogen with wide distribution, varied host range, greater longevity and 
higher competitive saprophytic ability (Young et al. 1982; Sobti and Bansal 1988; 
Chattanaver et al. 1988; Das 1988; Singh et al. 1988; Abbaiah and Satayanarayana 
1990; Das and Sankar 1990; Osunlaja 1990; Singh et al. 1990; Srivastava and Singh 
1990; Kaur and Mukhopadhaya 1992; Siddiqui and Mehmood 1992; Mukherjee 
1993). It causes disease in more than 400 economically important plants (Mihail et 
al. 1988). The fungus is also associated with seeds and it is shown that infection 
led to both pre- and post-emergence mortality, causing seed to seedling 
transmission of the pathogen (Pun et al. 1998). The pathogen occurs both inter 
and intra-cellular. The amotmt of internal inoculums is directly related with the 
degree of symptoms expressed (Sharma and Singh 2000). 

The pathogen causes wide range of diseases in the arid and semi-arid regions 
of the world (Reichert and Hellinger 1947; Young 1949; Dhingra and Smclair 
1978). M. phaseolina persists in soil as sclerotia formed in infected host tissue and 
later released in the soil during decaying process (Smith 1969). As a root 
inhabitant the fungus is widespread in warmer area, invades immature, 
damaged or senescent tissues; plants are generally attacked at seedhng and 
flowering, when conditions are hot and dry. Infection develops from sclerotia, 
which can survive for a few years in roots. M. phaseolina is widely distributed 
among the areas with variable soil types and annual rainfall, indicating that this 
fungus can persist under highly diverse environmental conditions. Many 
sclerotia were found in decaying plant parts and in the seed coat (Ahmed et al. 
2001). Primary infection takes place from roots or seeds, starting from seedling 
stage till harvest. As regard to seed-borne nature, the pathogen is carried 


internally or externally; the propagules may be either mycelial fragments or 
sclerotia. In case of soil-bome phase, tiie pathogen remains either on the dead 
organic debris or on the root stubbles, which are left over after the crop harvest. 
When disease free seeds are sown in such fields, the germinated sclerotia spread 
mycelia all around. The yotmg hyphae either attack the tender roots or the collar 
region. Under favourable climate, the infection proceeds further resulting into 
either root rot or collar rot. High soil temperature (40°C), low soil pH (5.4-6), low 
soil moisture (8-16%), high humidity (90%) favour such infection and disease 
development. Stagnation of water, especially where land is low and prevalence 
of sandy-loam soil is the most favourable condition for faster development of the 
disease (Wokocha 2000). Considerable research has been carried out on the effect 
of abiotic factors such as pH, temperature, moisture, C/N ratio, CO 2 
concentration, etc. on the growth eind survival of M. phaseolina in soil (Dhingra 
and Sinclair 1975; Banerjee et al 1982; Gangopadhaya et al 1982; Singh et al 1988; 
Taya et al. 1988, 1990; Bhatti and Kraft 1992). Long periods of drought and hot 
temperatures are interspersed with rain showers create ideal conditions for 
fimgal pathogenesis (Pederson et al. 2000). The study showed that high soil 
moisture levels were unfavomable for the growth and pathogenicity of M. 
phaseolina, while low soil moisture levels favoured the growth and pathogenicity 
of die fungus (Sarkar and Pradhan 1999). 

M. phaseolina has a limited saprophytic ability because of the antagonism of 
other soil-borne microorganisms (Norton 1953, 1954; Bhattacharya et al. 1985). 
The diversity of reported hosts and widespread geographic range of fungus 
suggest that M. phaseolina may be quite heterogeneous. Variability among 
Macrophomina isolates has been evident even in the restricted focus of multiple 
isolates obtained from a single host plant of soybean (Dhingra and Sinclair 
1973a) and Urd bean 0ain et flZ. 1973). 
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The pathogen attacks the root system of the plants and causes dissolution of 
all tissues except the xylem and symptoms follows wilting by withering and 
death of aerial parts are characteristics of the disease (Edmxmds 1964). The 
infected roots have abundant mycelia and sclerotia but rarely pycnidia are 
produced on infected roots (Knox-Davies 1967). Both pycnidiospores and 
sclerotia have been implicated in the propagation of this fungus. The pathogen is 
plurivorus, causing ashy stem, blight or charcoal rot; root and stem show 
destruction of the cortex. The fimgus is also the causal agent of the charcoal rot 
disease of mamy crops (Mihail 1992). In some cases, as in histological sections of 
roots infected with M. phaseolina, showed destroyed cortical parenchyma, both 
giant cell and also cortical parenchyma were invaded by mycelia. Inhibition of 
penetration through the outer cell wall of the upper epidermis may be 
attributable to an osmiophilic layer below the cell wall. Disruption of the host 
cell walls and subsequent host cell death was preceded by massive colonization 
of the host (Joye and Paul 1992). 

I. Common diseases caused by M. phaseolina 

• Charcoal Rot: Charcoal rot, induced by M. phaseolina, attacks crop at different 
stages of plant growth to varying degrees. Pycnidia of the fungus are formed, 
phloem and xylem tissues become brown and the sclerotia of the fungus are 
found in the soil. The frmgus colonizes roots and stalks causing disintegration 
of tissues while spreading rapidly. It was observed that unfavourable soil 
moisture, low (40%) as well as high (100%) for sowing crop caused maximum 
pre-emergence rot, post-emergence mortality was maximum only xmder 
conditions of moisture stress (40% soil moisture). The optimum temperature 
(30-35°G) for growth of the pathogen also favoured maximum disease 
development tmder artificial inoculation. The younger the pathogenic culture 
the more aggressive it was in infecting cowpea seedlings, while the 
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susceptibility of crop increased with increasing plant age (Payak and Sharma 
1978; Seetharama et al. 1987; Qiandra et ah 1995; Sandhu and Singh 1999). 

• Seedling Blight: It occurs at seedling stage of the crop. Due to infection and 
rotting of tissues, leaves turn yellowish brown to black. The rot travels 
through the petiole to the young stem causing blight. Sometimes, necrotic 
woimd develops at the node and cause breaking of young stem at nodal 
regions (Noble and Richardson 1968). 

• Collar Rot: It occurs during full growth stage at the collar region of the plant 
(Jhooty and Brains 1972). 

• Stem Rot: It occurs on stem at later stages of the crop growth. At elongation 
stage; Brown to black colored lesions first appears on the margins, which 
gradually spread. At flowering stage, lesions are formed on inflorescence, 
capsules become discolored, seeds turn black and small, and sometimes 
sclerotia appear in the capsules (Noble and Richardson 1968). 

• Damping-off; It occurs at the emerging stage of the crop. Minute black 
pinhead spots are the first visible symptoms, which coalesce by spreading up 
and down over the tender stem, spots later become water-soaked and finally 
turn brownish to black and sometimes, dark thin streaks also develop on the 
cotyledons and collar region (Chandra et al 1995). 

• Root Rot: The taproot of plant is infected directly by the soil inhabitant phase 
of the pathogen. The plants attack in early stages is recognized by drooping 
and wilting. The green colour of the stem gradually turns brown to dark 
brown. The taproot including its branches becomes rusty brown. It has been 
observed that plants may survive, if only the lateral branches of the roots are 
infected but in case, taproot is attacked, survival is generally nil. The 
occurrence of this disease starts from first week of July and continues till 
harvest (Vasudeva 1960; Noble and Richardson 1968; Jhooty and Brains 1972). 
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Besides above, M. phaseolina causes disease on a large number of plants 
including vegetables, ornamentals, shrubs and trees (Gangopadhayay et al. 1973). 


II. Major cultivated hosts include: 


Arachis hypogea (peanut) 

Brassica oleracea (Cabbage) 

Phaseolus spp. 

Capsicum annum (pepper) 

Cicer arietinum (chick pea) 

Citrus spp. 

Glycine max 

Ipomoea batatas 

Beta vulgaris 

(soybean) 

(sweet potato) 


Solanum tuberosum 

(potato) 

Vigna unguiculata (bean) 

Zea mays (corn) 

Sorghum bicolor 

(sorghum) 

Sesamum indicum (sesame) 

Fargaria spp. 

Cor chorus spp. 

Medicago sativa (alfalfa) 

Cucumis spp. 

Gossypium spp. 

Prunus spp. 

Helianthus annus (sunflower) 

Pinus spp. 


The disease is predominantly destructive on cultivated crop plants like 
cereals and oil seeds. The fungus also infects a wide variety of plants including 
pulses, oil seeds, sorghum, maize, jute, and vegetables and fruit plants. It has 
also been reported on onions (Garg and Chauhan 1981), garlic bulbs (Chandra 
and Tandon 1965), and causes charcoal rot on corn, sorghum, soybean and other 
economical crop plants (Watanabe et al. 1970; Meyer et al. 1973). It is one of the 
main causes of huge losses every year on soybean in India and United States 
(Sinclair and Gray 1972). In legumes it causes root rot of pigeon pea, chickpea, 
black gram and groundnut (Samiappan and Vidhyasekharan 1981) and black rot 
in sweet potato (Garg and Chauhan 1981). 
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III. Classification 

Macrophoniina phaseolina belongs to sub-division Duteromycotina, Class 
Coelomycetes {Mihail 1992). 

Order - Sphaeropsidales 

Family - Sphaerioidacease 

Genus - Macrophomina 

The genus "Macrophomina" contains only one species "phaseolina" (Sutton 1980). 

IV. Nomenclature 

The successive changes in nomenclature created confusion to adapt the 
correct name of Macrophomina. The monotypic genus Macrophomina was 
established by Petrak (1923) as M. philippinensis. Subsequently (Ashby 1927) 
examined the type material of this fungus and compared with several other 
genera, and established earlier binomial for the fungus as Macrophomina phaseoli 
Maubl. Consequently Ashby proposed the combination Macrophomina phaseoli 
(Maubl.) (Ashby) for Macrophoma phaseoli Maubl. and relegated the synonym M. 
cajani P. Syd. and Butler, M. chorchori Sawada, M. sesami Sewada, Macrophomina 
philippinensis Petrak, Sclerotium bataticola Taub., Rhizoctonia bataticola (Taub.) 
Butler and Dothiorella cajani (P. Syd. and Butler), Petrak and H. Syd. Goidanich 
(1947) reviewed the taxonomy of Macrophomina. Petrak (1923) named this as M. 
phaseolina Tassi. in the place of M. phaseoli Maubl. From 1947 onwards the two 
names i.e., M. phaseoli (Maubl.) (Ashby) and M. phaseolina (Tassi.) Gold became 
well established in psychopathological literature as the cause of charcoal rot of 
several important crop plants. After 1977, several other names were suggested 
for the fungus and ultimately Macrophomina phaseolina (Tassi.) Goid. was 
accepted as correct name (CMI description of pathogenic fungi and bacteria no. 
275). The sclerotial phase of M. phaseolina is known as Rhizoctonia bataticola 
(Thakurji 1979; Pimithalingam 1982). 
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The identification of M. phaseolina is usually based on morphological criteria; 
however, due to wide variations in the phenotype of the isolates these criteria are 
often not reliable. Pathogenic variability among the isolates or sensitivity to 
chlorate was utilized to categorize the isolates (Cloud and Rupe 1991; Pearson et 
al. 1987a). Molecular methods have been recently described to resolve genetic 
variation among the isolates of M. phaseolina (Purkayastha et al. 2006; Das et al. 
2006; Jana et al. 2005a and Jana et al. 2005b). Moreover, these techniques are 
laborious, time consuming and useful only for grouping of isolates rather than 
identification. Therefore, a rapid diagnostic technique that can identify and 
detect M. phaseolina, both in vitro and in vivo conditions is required. 
Oligonucleotide specific primers or probes targeting the Internal transcribed 
spacer (ITS) region have been reported to selectively detect several agriculturally 
important fungi like Trichoderma, Hypocrea (Irina et al. 2005), Fusarium (Edel et al. 
2000), Verticillium (Nazar et al. 1991) and Phytophthora (Lee et al. 1993). However, 
no markers are available for specific detection of M. phaseolina. Screening of the 
GenBank for ITS sequences of M. phaseolina revealed the existence of very few 
sequences that showed some degree of variation among the isolates. Sequence 
variation in the rRNA genes may allow the use of these genes as targets for 
differential amplification. This prompted us to carry out amplification of ITS 
region, followed by Restriction fragment length polymorphism (RFLP), 
sequencing and analysis of the ITS region for identifying the conserved and 
variable motifs. 

This study was therefore aimed at developing specific primers and 
oligonucleotide probe (within the ITS region) and subsequent evaluation of their 
efficiency for identification/ detection of M. phaseolina under in vitro conditions. 
Attempts to study the genetic diversity in relation to geographical distribution 
and pathogenic variation will facilitate to develop effective/ resistance cultivars. 
Little is known about the genetic complexity of M. p/iaseohna population in India 
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or about the origin and spread of the pathogen i.e., whether, it arose as a single 
lineage in one location or arose independently in several locations. Various 
recent studies were developed to the genetic and pathogenic variability of M. 
phaseolina. Significant advances in molecular detection and differentiation of M. 
phaseolina has been achieved using RFLP, RAPD and AFLP analysis (Mayek- 
perez et al. 2001; Su et al. 2001; Purakayastha et al. 2006; Reyes- Franco et al. 2006). 
The lack of strong correlation between genotype and geographical origin 
suggests a high diversity level within and among tire population of M. phaseolina 
(Jana et al. 2005a, b). So far none of these methods have however been able to 
differentiate isolates of M. phaseolina from specific hosts or geographic locations. 
RAPD analysis has many advantages as a means of characterizing genetic 
variability such as speed, low cost and minimal requirement for DNA. Major 
polymorphisms in RAPD pattern indicate genetic distinctness and can be used to 
distinguish unrelated groups. 

The current study was undertaken to elucidate the genetic diversity of M. 
phaseolina isolates of Indian origin by using RAPD molecular markers to provide 
insight into its genetic relation between molecular diversity and geographic 
origin. In this study we also described the use of single short repetitive primer in 
rep-PCR DNA fingerprinting technique to evaluate the genetic diversity among 
M. phaseolina isolates. 

V. Importance of proposed research and objectives 

Although references are scanty, the impression exists that charcoal rot 
caused by M. phaseolina has progressed in fast in the semi-arid zone of the India. 
Pervious studies on M. phaseolina have investigated variation in morphology and 
pathogencity among isolates of various hosts. The genus Macrophomina consists 
of only one species phaseolina comprising thousands of 
strains/isolates/biotypes/races/pathotypes. Considering the morphological and 
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cultural characters, virtually there is no difference between thousands of 
pathogenic and non-pathogenic isolates/ pathotypes of M. phaseolina. This 
pathogenic fungus was selected in this study because of its broad host range, and 
its ability to develop acquired tolerance against pesticides and hybrid host 
varieties. Another reason for the selection of this pathogen was that it causes 
diseases to about 500 plants among which charcoal-dry root rot of chickpea {Cicer 
arietinum), is one of the most common diseases in South East Asian cotmtries and 
severely limits chickpea production. A reliable, sensitive and rapid method for 
the detection, characterization, identification and monitoring of this fungus in 
vitro, in greenhouse and in field conditions is needed. Therefore, the overall 
objectives of this research was to compare different morphological and molecular 
techniques for the characterization and identification of M. phaseolina and to 
develop authentic, speedy and simple assays for characterization, identification, 
detection, screening and monitoring of population of pathogenic as well as non- 
pathogenic M. phaseolina. Surprisingly, no comprehensive scientific 
investigation was carried out to compare the utility of morphological and 
molecular techniques in characterization and identification of different isolates of 
M. phaseolina present in soil/ seed lots or which infects different plants. In plant 
pathology early identification of the causative agent of disease is paramount m 
order to recognize the pathogen, and implement regulations involving control 
and quarantine. Morphological, ecological and pathological traits of a species is 
usually defined from pertinent characters, most of which will relate directly to 
functional and structural attributes. The development of morphological and 
molecular tools to characterize and detect this fungus in infected plant parts, 
rhizosphere or from field soils is main goal of this study. 
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VI. Major objectives: 

Objective 1 

To investigate different morphological and cultural techniques for the 
isolation, characterization and identification of M. phaseolina from a various 
host range and different agro-climatic regions of India. 


Objective 2 

To develop species-specific primers and molecular probes for diagnosis of M. 
phaseolina and evaluation of ITS (ITS1/ITS4) sequences to develop PCR- 
based assays for the characterization and study of genetic variation of 
different isolates of M. phaseolina. 


Objective 3 

To characterize the heterogeneity in different isolates of M. phaseolina using 
Randomly amplified polymorphic DNA (RAPD-PCR) gene sequences. 
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REVIEW OF I.ITERATURE 


Macrophomina phaseolina (Tassi) Goid. is a major soilborne fungal pathogen 
that infects many agronomic, horticultural, and ornamental crops (Mihail et al. 
1992). It is unusual, that a wide variety of both monocots and dicots are 
parasitized. Diseases caused by M. phaseolina are sometimes referred to as 
'charcoal rot' on account of small, black, macroscopically visible sclerotia that 
form in shredded, parasitized host tissue and cause an appearance of charcoal. 
Primary infection by M. phaseolina usually occurs in roots, but pathogenesis 
and sclerotium formation may extend above ground. Collapse and death of 
infected plants usually is favored by hot and dry conditions, but numerous 
sclerotia also may form in live host tissues without visible disease symptoms. 
Sclerotia are the resting structures of this pathogen. The most interesting thing 
about tiiis fxmgus is that it has only one species (Sutton 1980), but tiaousands 
of isolates. The biggest problem before mycologists/ plant pathologisfe is to 
identify/ detect thousands of different isolates of this fungus from the cultures, 
in infected roots, soil and seed lots. Identification, diagnosis and detection of 
M. phaseolina is very difficult because isolates are morphologically very 
similar. Various scientists have adapted different methods to distinguish M. 
phaseolina isolates. However, two prominent methods which are applied in 
this piece of research for detection are: (i) morphological and cultural 
characterization (ii) PCR-based molecular methods for the characterization 
and identification. 

I. Morphological and Cultural Characterization 

All the isolates of M, phaseolina formed black colonies on potato-dextrose 
agar medium, and grow profusely from 15 to 40°C. However, the optimxxm 
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growth occurs at 30-35°C. Some of the isolates can be identified on the basis of 
morphological characteristics and their thermophilic nature (Satto et al. 1999). 
The sclerotia shape in most cases is irregular except for a few which are round 
to elongate (Mandal et al 1998). The mycelium of M. phaseolina is septate, 1.5- 
2.5 p wide, hyaline at first, turning to honey or black colour with edge. 
Fructification consists of globose or sub-globose pycnidium, which is formed 
only on infected plants and consists of 3-4 layers of blackish-brown, thin- 
walled angular cells and sclerotia. Pycnidia can be detected in epidermis and 
sclerotia in ray cells and soft tissues of the xylem and phloem. Under 
laboratory conditions sclerotium is hyaline to light brown in colour measuring 
89 p in diameter, whereas in soil it measures from 50-120 p in diameter 
(Upadhyay et al 2002). 

M. phaseolina isolates from a single species differed in pathogenicity to 
multiple cultivars of that species in the cases of cotton {Gossypium arboreiim L., 
Gossypium hirsutum G., Gossypium herhaceum L.) (Suleman and Patil 1966) and 
jute {Gorchorus capsularis L., and Corchorus olitorius L.) (Ahmed and Ahmed 
1969), leading the authors to conclude that there were distinct physiological 
races of M. phaseolina. Dhingra and Sinclair (1973b) reported that nine isolates 
collected from soybean across the mid-western United States varied in cultural 
characteristics and virulence to soybean. 

M. phaseolina engenders a major problem for chickpea, which infect the 
roots from seedling to flowering stage at temperature range of 25-35°C and 
moisture stress condition in different parts of the world (Anonymous 1985). 
The charcoal rot disease develops as a result of series of events involved in 
pathogenesis, right from germination of sclerotia on root surface to visible 
symptoms (Ammon ef >/. 1974, 1975). Root exudates provide stimulus to 


sclerotia to germinate, the developing mycelium forms appresorium on the 
root surface and penetrate the epidermis between the cells or enter through 
the cracks in surface layer of root. Appearance of reddish brown lesion on 
hypocotyl region is the first visible symptom of the disease, which later on 
turns ash gray to black colour and at disease severity wilting of the plant have 
been found due to complex pathogenesis (Meyer et al. 1974). Moreover, the 
ftmgus produces toxins (Dhingra and Sinclair 1974) and en 2 ymes in vitro and 
in vivo those are responsible for disease development. Variation in 
morphology and virulence among the isolates of M. phaseolina was reported in 
soybean, common bean, and other crops (Dhingra and Sinclair 1972; Echavez- 
Badel and Perdomo 1991). However, efforts to gratify subspecies of M. 
phaseolina was based on size of micro-sclerotia, culture characteristics, changes 
in soil population in response to rotation, and difference in pathogenicity 
which usually failed because of the extreme variability within the species or 
difficulties in quantifying characteristics (Dhingra and Sinclair 1973b; Pearson 
et al. 1986; Cloud and Rupe 1991). 

In the broader perspective due to lack of morphological variability within 
M. phaseolina, several investigators have only focused on the variation in 
pathogenic ability of the isolates collected from at least two host species 
(Chandra and Tandon 1965; Mendes et al. 1971; Chan and Sackston 1973; Khan 
et al 1976; Byadgi and Hegde 1985; Pearson et al 1987a). Evidence from crop 
rotation and intercropping suggested that soil populations of M. phaseolina 
comprise a range of host preferences (Vasudaeva and Ashraf 1939; Vasudeva 
1941; Alabouvette and Marty 1977; Francl et al 1988; Singh et al 1990). For 
example, Francl et al (1988) reported that when soybean, cotton and sorghum 
were grown in rotation, maximizing the intervals between the soybean crops 
minimized M. phaseolina populations. Since aU crops included in these studies 
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were susceptible to M. pMseolina it is quite plausible that isolates may vary m 
host preference, with only a portion of soil population posing a threat to any 
single component of the particular rotation or inter-cropping system. 


Insufficient morphological variability within the genus has led some 
workers to partition this organism based on cultural characteristics (Reichert 
and Hellinger 1947). Investigators have differentiated strains of this fungus 
based on the ability to utilize nitrate as a nitrogen source (CorreU et al. 1986; 
Correll et al. 1987; Larkin et al. 1988; Bayman and Cotty 1989). Nitrate uptake 
does not appear to occur without nitrate metabolism (Pateman and Kinghorn 
1976). The metabolic assimilation of nitrate is by the reduction to nitrite via 
nitrate reductase. Nitrite is then reduced to ammonia (Pateman and Kinghorn 
1976). Fungi rmable to use nitrate cannot synthesize nitrate reductase 
(Whitaker 1976). Enzyme production in M. phaseolina is complex, requiring 
regulatory structural and co-factor producing genes for the production and 
assembly of nitrate reductase (Marzluf 1981). Mutations within nitrate 
reductase structural genes result in qualitative changes within the enzyme, 
whereas mutations within regulatory genes alter enzyme quantity (Cove 

1979). 


Chlorate is an analog of nitrate, differentiation of fungal strains is based 
on the reduction of chlorate to chlorite by the nitrate reductase pathway that 
can result in chlorate toxicity (Arst and Cove 1969). Chlorite restricts growth 
when the nitrate reductase pathway is functional. In many fungi, sectors with 
unrestricted growth can develop from restricted colonies on media containing 
chlorate. Thus, chlorate-utilizing isolates were classified as chlorate sensitive, 
whereas those isolates unable to metabolize chlorate were classified as 
chlorate resistant (Pearson et al. 1986). Since chlorate is a nitrate analog. 







Pearson et al. (1987) hypothesized that chlorate utilization might be related to 
nitrate utilization. In a study of more than 200 fungal isolates from 13 states 
they foxmd that isolates from maize {Zea mays L.) were generally chlorate 
resistant, whereas those from soybean were generally chlorate sensitive. This 
result was corroborated by Cloud and Rupe (1991). However, Zazzerini and 
Tossi (1989) reported that M. phaseolina isolates from four host species varied 
in their chlorate utilization phenotype, irrespective of their original host, 
concluding that there was no evidence for host specialization within M. 
phaseolina. Further evidence for host preference was provided by Pearson et al. 
(1986, 1987a, 1987b) who demonstrated that M. phaseolina differed in growth 
on a minimal medium amended with potassium chlorate. 


Unrestricted growth in these sectors results from the inactivity of one or 
more of the five enzymes in the nitrate reductase pathaway (Pateman and 
Kinghorn 1976). Such isolates are designated nitrogen mutants. These nitrogen 
mutants have been used to identify vegetative compatibility groups within 
several species of plant pathogenic fungi. However, media containing chlorate 
have been used to differentiate isolates on the basis of their growth 
morphology (Pearson et al. 1986; Pearson et al. 1987; Cloud and Rupe 1991). 
Chromogenicity, sporulation ability, and pycnidial size are also known to vary 
greatly (CraU 1948; Dhingra and Sinclair 1978; Pearson 1982). Traits with less 
variability would be more useful when trying to group the isolates. 


II. Molecular methods for the characterization and identification of Fungi 
The abihty to accurately identify an organism is fundamental to all aspects 
of fungal diagnostics and epidemiology whether this is in the field of plant 
pathology, medical science, environmental studies or biological control. In 
plant pathology, early identification of the causative agent of disease is 
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paramount in order to recognize the pathogen, and implement regulations 
involving control and quarantine. In recent years there has been vast progress 
in the development of molecular biological tools and technologies. These have 
been increasingly applied to the study of fungal plant pathogens (Nazar et al. 
1991; Lee et al. 1993; Bridge et al. 1998; Jana et al. 2005a; Purkayastha et al. 2006; 
Das et al. 2006). 

II. 1. PCR-Based Methods 

PCR-based methods offer many new tools that are directly applicable to 
fimgal systematics at the species level. These tools can be used to delimit and 
to determine relationships among species, either by direct comparison or 
through phylogenetic analysis. PCR-based methods have given a greater 
insight into molecular variability within fungi and have highlighted the need 
to consider carefully sampling strategies and sample sizes, prior to making 
taxonomic decisions. This insight has also shown that molecular variability is 
not constant within different fungal species, and levels of both homo- and 
heterogeneity will vary depending upon the species studied. Perhaps 
surprisingly, the introduction of PCR-based techniques has not led to a 
widespread revision of fimgal species names and concepts, and in many cases 
existing species concepts have been reinforced. However, the wide range of 
molecular heterogeneity found in some species has led to the suggestion that 
they may be many more "cryptic" and underscribed species within existing 
collections. Where PCR-based methods will have a very significant impact in 
the study of the 83% of known species that do not grow in culture and the 
hope is that these techniques may, in future, provide many answers to basic 
questions in systematics and biodiversity that are currently unanswered. 
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The introduction of PCR-based methods has significantly increased the 
level of activity in fungal systematics. The simplicity of the techniques, 
coupled with the general use of particular regions of the genome, has resulted 
in many important advances in, our understanding of taxonomic groupings as 
well as the evolutionary histories and functional properties associated with 
them. From the mid-1980s molecular studies have been utilized in systematic 
to resolve problems posed by the limitation of morphological characters or in 
cases where morphological characters are in conflict, ambiguous, or missing 
(Hills 1987; Brrms et al. 1991; Hibbett 1992). Hawksworth et al. (1995) stated 
that there were 72,000 accepted fxmgal species, and that this number was 
growing rapidly; only 17% of these were represented in culture collections. 
One potential application of PCR-based techniques in their utility in situations 
where the sample size is smaller, and so technique developed for dried 
specimens and environmental samples provide opportunities to obtain 
material from reference collections is now a relatively straight forward 
procedure (Taylor and Swann, 1994; Savoliainen et al. 1995) and provides 
many opportunities for examining both current and earlier species concepts 
and variability. 

PCR provides a simple and ingenious method to exponentially amplify 
specific DNA by in vitro DNA s 5 mthesis. This enzymatic reaction is so 
sensitive that a single DNA molecule can be amplified from the complex 
ntixture of the genomic sequences that can generate large quantities of target 
DNA, and any nucleic acid sequences can be cloned, analyzed or modified. 
The technique is now considered to be indispensable in the field of modern 
mycology and fungal taxonomy. The PCR technique allows rapid and 
selective identification and/or detection of microorganisms in different 
matrices by amplifying specific gene fragments Southern blotting and 
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hybridization with a specific probe can also be carried out (Sandhu et al. 1995: 
Hendolin et al. 2000; Loffler et al. 2000). Attempts have been made to increase 
the specificity of PCR reactions using other methods^ including post-PCR 
hybridization (Sandhu et al. 1995), PCR-ELISA reactions (Grimm and Geisen 
1998; Schnerr et al., 2001), RFLP analysis of the PCR products (Yamagishi et al. 
1999), denaturing gradient gel electrophoresis (DGGE) (Cocolin et al. 2001), 
florescent capillary electrophoresis (Turenne et al. 1999), or nested PCR, where 
one set of primers is used to amplify DNA fragments from target DNA, and a 
second set of primers complementary to an internal sequence of the product of 
the first PCR reaction is used to score and confirm the results (Ibeas 1997). In 
case of closely related species, single nucloetide differences can be visualized 
by using single strand conformation polymorphism (SSCP) analysis (Kumeda 
and Asao 1996), heteroduplex mobiHty assay (Olicio et al. 1999), heteroduplex 
panel analysis (Kumeda and Asao 2001), or by sequence analysis (Cappa and 
Cocconcelli 2001). 

Any DNA or RNA sequence that is specific for a particular organism can 
be used for PCR detection of that organism. The application of PCR to the 
study of phytopathogenic fungi has so far resided in two main areas, 
diagnosis and detection and the identification of variation. One of the 
attributes of PCR, i.e., the requirement for very little template DNA, makes its 
use in the detection of foreign agents in host tissues very attractive. The 
sensitivity, speed, and versatility of PCR are primary factors in its wide 
acceptance in plant pathology as well as many other fields of biology. In its 
impact on basic and applied research, PCR is unsurpassed. It is adaptable to 
many experimental objectives, and it is used with a wide range of starting 
material, including purified nucleic acids, intact cells or tissues, or complex 
environmental samples. As PCR methods for detection of pathogens become 
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available, more research will focus on using these tools to study pathogen 
populations, biology, and ecology, variability, and host-pathogen interactions. 
The development of PCR technology relies on three fundamental steps: 1) the 
selection of a specific target region of DNA to identify; 2) extraction of total 
DNA from the sample; 3) a method to detect the presence of the target 
DNA/RNA region in the sample. 

II. 2. Molecular targets used for the detection of Fungi 

The choice of molecular target depends on the aim to be achieved. For 
fungal detection, usually the conserved regions the rRNA gene cluster are 
targeted. Other targets could also be used, including genes of the chitin 
synthase gene (Jordan 1994), ergosterol biosynthesis (Morace et al. 1997), and 
translation elongation factor genes (Vaitilingom et al. 1998). For detection of a 
single genus or species, the markers should be designed on the targeted 
regions like; more variable regions of the genome, e.g. spacer regions of the 
rRNA gene cluster, or Sequence characterized amphfied region (SCAR). For 
the detection of mycotoxin producing fungi, sequences of the mycotoxin 
biosynthetic genes are the best targets. In the following, the targets used for 
molecular detection of fungi are dealt with, with special emphasis on 
mycotoxin producing ftmgi. 

II. 3. Ribosomal DNA Gene Cluster 

The DNA sequences fiiat encode for RNAs have been extensively used to 
study the taxonomic relationships and genetic variations in fungi {e.g., Bruns 
et al. 1992; Hibbert 1992). The ribosomal RNA gene cluster is fotmd both in 
nuclei and mitochondria, and consists of both highly conserved and variable 
regions (White et al. 1990). The fimgal nuclear rRNA genes are arranged as 
tandem repeats with several hundred copies per genome. The conserved 
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Fig. 2.1. General physical map of rDNA gene cluster in fungal genome: The complete repeat 
unit is represented with genes location and spacer regions. ITS — Internal transcribed 
spacers, IGS - Intergenic spacers, primers ITS-1 and ITS-4 are showing the specific 
binding position. 











sequences foxind in the large subunit and small subunit genes have been 
exploited to study the relationships among distantly related fungi (e.g., 
Gaudet et al. 1989; Bowman et al. 1992; Bruns et al. 1992; Bridge et al. 2003). The 
spacer regions between the subunits, called the internal transcribed spacers 
(ITS), and between the gene clusters, called the intergenic spacers (IGS), are 
considerably more variable than subxmit. 

Diagram of rDNA cluster (Fig. 2.1) includes three rRNA genes: the small 
nuclear 18S and the large nuclear 28S genes. In one xmit, the genes are 
separated by two internal transcribed spacers (ITSl and ITS2), and two rDNA 
emits are separated by the intergenic spacer (IGS). These genes have been used 
widely on studies on the relationships among species within a single genus or 
among interspecific populations (Buchko and Klassen 1990; Spreadbury et al. 
1990; Nazar et al. 1991; Taylor and White 1991; Anderson and Stasovki 1992; 
Baura et al. 1992; Lee and Taylor 1992; Kim 1992; O'Donnell 1992; Molina et al. 
1993; Erland et al. 1994; Li et al. 1994; Buscot et al. 1996; Arora et al. 1996). The 
last rRNA gene (5S) may or may not be within the repeated tmit. Numerous 
sequence data are now available and allow the determination of primer 
sequences for the PGR amplification of different parts of the nuclear rDNAs 
(White et al. 1990). There are now many examples of the use of either RFLP or 
sequence differences in different spacer regions for discrijninating between 
closely related species within a fungal genus. 

II. 4. 18S rRNA Gene as Target 

There are several reports where 18S rDNA sequences have been used for 
the detection and identification of fungi. Kappe et al. (1996), Smit et al. (1999), 
and Borneman and Hartin (2000) developed primer pairs based on this region 
for the detection of wide range of fungi. Meyer (2002) also developed a primer 
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pair and at Taqman probe based on 18S rDNA sequences, which was used 
successfully for real-time PCR detection of fungi in black pepper, red pepper, 
corn, and cereal samples. Makimura et al. (1994) developed a PCR detection 
system based on 18S rRNA gene sequences for detection of Aspergillus and 
Penicillium species. Cappa and Cocconcelli (2001) developed an 18S rRNA- 
based assay for the detection of fungi in food samples. 

II, 5. 28S rRNA Gene as Target 

Although the DNA coding for the large (28S) ribosomal rRNA subunit is 
relatively conserved and is more commonly used for work at higher 
taxonomic levels, certain portions of it, particularly the eukaryotic D1 and D2 
divergent domains near the 5' end are variable enough to detect species- 
specific differences. The D1-D2 region has extensively been used for 
phylogenetic studies of Aspergillus, Penicillium, and yeast as well as other fungi 
(Peterson 2000; Rigo et al. 2001). Universal 28S rDNA-based primers were 
developed by Sandhu et al. (1995). 

II. 6. Intergenic Transcribed Spacer 

The ITS region has been most frequently used as target for species-specific 
detection of fimgi. The ITS region consists of two non-coding variable regions 
that are located within the rDNA repeats between the highly conserved small 
subunit, the 5.8S subunit, and the large subunit rRNA genes. The ITS region is 
a particularly useful area for molecular characterization studies in fungi for 
four main reasons: (i) the ITS region is relatively short (600-800bp) and can be 
easily amplified by PCR using universal single primer pairs that are 
complimentary to conserved regions within die rRNA subunit genes (White et 
al. 1990), (ii) the multicopy nature of the rDNA repeat makes the ITS easy to 
amplify from small, dilute or highly degraded DNA samples (Gardes and 
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Bruns 1993), (iii) the ITS region may be highly variable among 
morphologically distinct species {Gardes and Brrms 1991; Gardes et al. 1991; 
Chen et al. 1992; Lee and Taylor 1992; Gardes and Bruns 1993), ITS-generated 
RFLPs restriction data can be used to estimate genetic distances and provide 
characters for systematic and phylogenetic analysis (Bruns et al. 1991) and (iv) 
PCR generated ITS species-specific probes can be produced quickly, without 
the need to produce a chromosomal library (e.g. Sreenivasaprasad et al. 1996) 
and many researchers have selected sequences from the ITS region to develop 
species-specific probes because the sequences occur in multiple copies and 
tend to be similar within and variable between fungal species. 

This region was targeted for the detection of spoilage yeast tacluding 
Zygosaccharomyces spp. and Torulaspora delbrueckii (Sancho et al. 2000), 
Saccharomyces (Arlorio et al. 1999), Alternaria spp. (Zur et al. 1999), Penicillia 
(Pederson et al. 1997; Boysen et al. 2000), and Fusarium avenaceum (Schilling 
1995). Grimm and Geisen (1998) developed ITS-based primer pairs for the 
detection of fumonisin producing Fusarium species. Hendolin et al. (2000) 
developed a PCR technique coupled with multiplex liquid hybridization 
based on ITS specific primers for the detection of a number of fungi in clinical 
specimens. PCR-amplified rRNA ITS sequences have been used for the 
characterization, identification and detection of Verticillium albo-atrum and V. 
dahliae (Nazar et al. 1991). In this study the identification of distinct clusters of 
non-homologous nucloetides in both the ITSl and ITS2 regions enabled the 
design of specific primers that provides a reliable identification/ detection 
method of these two important plant pathogens (Nazar et al. 1991). The same 
principle was used by Moukhamedov ef al. (1993) who used sequences from 
amplified regions of the 5.8-28S ITS regions to differentiate V. tricorpus from 
other species of Verticillium. The genus Rhizoctonia consists of a taxonomically 
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diverse group of species that differ in many significant features, including 
their sexual and asexual stages (Sneh et al. 1996) within the important 
phytopathological species R. solani, further intra-specific groups have been 
designated on the basis of anastomosis (anastomosis groups; AGs). Origmally, 
RFLP analysis of nuclear rDNA was undertaken with probes and Southern 
blotting (JabaJi-Hare et al 1990; Vilgalys and Gonzales 1990), and more 
recently PCR-amplified rRNA has been found to be useful in examining the 
genetic relatedness within different AGs of R. solani and binucleate species of 
Rhizoctonia (Kanematsu and Naito 1995 Liu et al. 1995 ■, Vigalys and Cubeta 
1994; Hyakumachi et al. 1998). These workers identified six subgroups within 
AG 1 and five within AG 2 on the basis of their ITS-RFLPs. Boysen et al (1996) 
used an asymmertric PCR technique on the ITSl, ITS2 and 5.8S rDNA regions 
with nine AG 4 R. solani isolates. These data were used in a phylogenetic 
analysis which identified three subgroups within AG 4. Mazzola et al (1996) 
developed species-specific primers for the detection of R. oryzae by comparing 
ITSl and ITS2 sequences from R. oryzae and R. solani AGl, 5, 6 and 8. These 
primers were specific to R. oryzae but not to R. solani or binucleate species. 

Edel et al. (1996) differentiated several strains of F. oxysponm at the 
species level by RFLP analysis of a region of ITS and a variable domain of the 
28S rDNA. Recently, Schilling et al (1996) evaluated sequence variation m the 
ITS regions of F. avenaceum, F. culmorum and F. graminearum in order to 
distinguish between the three species. They foimd that the ITS sequences of F. 
culmorum and F. graminearum were not polymorphic enough to allow the 
construction of species-specific primers; however, sufficient sequence 
variation was foimd in the ITSl and ITS2 regions of F. culmorum and F. 
graminearum to distinguish them from F. avenaceum. 
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Kageyama et al. (1997) have used species-specific primers derived from 
ITS sequences to detect Pythium ultimum in naturally infected seedlings. 
Bimfing et al. (1996) used ITSl sequences to examine the relationship of 
Magnaporthe poae to other species in the genus that has similar growth or 
phytopathogenic characteristics. Poupard et al. (1993) used amplified ITS 
regions in their characterization of Pseudocercosprella kerpotrichoides isolates. 
PCR-RFLP of ITS has also allowed tire discrimination of Tuber species 
(Carbone and Kohn 1993), the identification of species within the 
Gaeumannomuyces-Phialophora complex (Ward and Akrofi 1994), Sclerotinia 
species (Ceurbone and Kohn 1993), Cylindrocarpon heteronema (Brown et al. 1993) 
and Pencillium species (Lobuglio et al. 1993). One further example of a genus 
where extensive use has been made of the ITS region of the species level is 
Colletotrichum. Sherriff et al. (1994) compared a range of isolates of 
Colletotrichum species on the basis of 850 bp region of the LSU and the ITS2 
regions, and were able to use this information to distinguish between 
individual species. Further extensive species characterization has been 
rmdertaken in this genus, leading to the development of a ntunber of species- 
specific primers (Sreenivasaprasad et al. 1996). 

Recently, Kong et al. (2004) has studied Single-strand conformation 
polymorphism (SSGP) analysis to identify different species based on ITS- 
rDNA, which can detect single base mutations or variations (Orita et al. 1989; 
Rubio et al. 1996; Kong et al. 2000). A protocol for SSCP analysis of ribosomal 
DNA for separation of 29 species within the genus Phytophthora was reported. 
SSCP analysis worked well for all tested species. 

At a different taxonomic level, universal primers have been developed 
from rDNA sequences which are specific for major groups of fungi. Gardes 
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and Brims (1993) designed two taxon-selective primers (IlSl-F and IIB4-B) 
from the ITS region which were specific to fungi and basidiomycetes 
respectively. The primer ITS-4B when combined wititi universal ITSl primers 
or with fungal-specific primer. Primers ITS1-F/ITS4-B was useful for the 
detection of basidiomycete ectomycorrhizae in rust infected tissues and could 
be used to study both the distribution of rusts on alternate hosts and 
ectomycorrhizal communities. 

II. 7. Random Amplified Polymorphic DNA 

One approach used for developing suitable species- or strains-specific 
probes for the detection of fugi is based on the random amplified polymorphic 
DNA technique (RAPD) (Williams et al 1990). The RAPD is a variation of 
conventional PCR where one primer of arbitrary sequence is used, and the 
annealing temperature is low (usually 35°C). Species or strain-specific RAPD 
fragments are selected, sequenced, and suitable primers are devised to 
amplify the specific fragment in conventional PCR reactions. Such SCAR 
markers have been successfully used to develop species-specific probes for a 
number of Fusarium species (Chelkowski et al. 1999; Nicholson et al. 1996; 
Nicholson et al. 1998; Schilling et al. 1996; Young ef a/. 2001), particularly 
fumonisin-producing fusaria (Geisen 1998), and for Aspergillus fumigatus 
(Brandt et al. 1998). Murillo et al. (1998) developed a primer pair based on the 
sequence of a random genomic clone for the detection of Fusarium moniliforme. 

The random amplified polymorphic DNA (RAPD) fingerprinting assay 
detect small inverted nucleotide sequence repeats throughout the genomic 
DNA (Welsh and McClelland 1990; Williams et al. 1990. In RAPD-PCR, 
amplification involves only single primers of arbitrary nucleotide sequence. 
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The principle of RAPD assays is discussed in detail by Hadrys et al (1992) and 
Tingey and del Tufo (1993). In brief, a single primer binds to the genomic 
DNA on two different priming sites in an inverted orientation. Amplification 
between these points results in a discrete product. As each primer can be 
expected to amplify several discrete loci in the genome the final result is a 
profile of amplification products generally of varying sizes. In addition, at the 
primer attachment stage in the amplification the annealing temperature is 
kept low which also encourages a degree of primer-mismatching, and 
increases the potential number of amplification products. There are many 
advantages of this assay: (1) no prior information for DNA sequence is 
needed. The protocol is relatively simple and quick and only nanogram 
quantities of DNA are required to give a PCR product, (2) the technique is 
preferred when the genotypes of a large number of species, popidation or 
pathotypes has to be discriminated. RAPD markers can also be used to 
analyze the genotypes of fusion products and parents at different taxonomic 
levels, (3) this PCR-based assays is a good tool for creating genetic maps 
(Judelson et al. 1995) and has proved as an efficient method for the 
identification of molecular markers (Tingey and del Tufo 1993) and (4) the 
technique is suitable for studying population genetics and has been 
successfully used to differentiate among species and strains within species of 
plants, bacteria, animals and fimgi (Williams et al. 1990). 

RAPD-PCR assays have been used extensively to define fungal 
populations at specific, intraspecific, race and strain levels. In general, most 
studies have concentrated on intra-specific grouping, although others have 
been directed at the species level. Particularly in the determination of distinct 
intraspecific groups such as anastomosis groups in Rhizoctonia solani {e.g., 
Dxmcans et al. 1993) and pathogen groups (e.^., Crowhurst 1991; Levy et al. 


1991; Guthrie et al. 1992; Assigbetse et al. 1994; Bidochka et al. 1994; Nicholson 
and Rezanoor 1994; Burmester and Wostemeyer 1994; Yates-Siilata et al. 1995; 
Bridge et al. 1997a; Maurer et al. 1997). Another application of RAPD-PCR has 
been in the determination of the individual strains within a particular 
population, some examples being toxin-producing strains in Aspergillus flavus 
(Bayman and Cotty 1993) and in strain authentication in species of Trickoderma 
(Schlick et al. 1994; Fujimori and Okuda 1994). 

In general, most studies have concentrated in intraspecific grouping, 
although others have been directed at the species level. Some examples of 
RAPD-PCR at species level include the production of species-specific probes 
and primers from RAPD data for Fusarium oxysporum f. sp. dianthi, Phytophora 
cinnamoni, Tuber magnatum and Glomus mosseae (Dobrowolski and O'Brien 
1993, Lanfranco et al. 1993, 1995; Manulis et al. 1994). In some RAPD-PCR 
studies, band patterns have been used to differentiate both within and 
between the individual species, as exemplified by species of Metarhizium and 
Candida (Lehmann et al. 1992; Bridge et al. 1997a). 

Single simple repetitive primers have been designed to amplify the 
microsatelite regions of fungal chromosomal DNA (Meyer et al. 1992; Schlick 
et al. 1994; Bridge et al. 1997b). In most applications these primers have given 
been used to group fungi at intraspecific levels {e.g., Bridge et al. 1997a). 
However, in some instances microsatellite-primed PCR has been used to 
generate species-specific patterns and one recent example of this is the work 
on morels by Buscot et al. (1996) who found considerable homogeneity from 
both mono and polysporic isolates of individual species. 
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II. 8. Similarity coefficients 

The majority of dendrograms derived from fungal DNA fragments have 
been derived with one of three coefficients, the simple matching coefficient, 
Jaccard's coefficient and Nei and Li's genetic distance. The last two of these 
coefficients do not consider matching negative results, i.e., they do not 
consider the absence of a particular band in two organisms as a similarity, 
unlike the simple matching coefficient where matching positive and negative 
results are considered equally (Sneath and Sokal 1973; Nei and Li 1979; Bridge 
1992). The validity of considering matching negative characters has been 
discussed on many occasions (Sneath and Sokal 1973; Abbott et al. 1985) but it 
is perhaps worth further consideration for gel-derived data. When numerical 
methods are not used and gel patterns are compared by eye, the operator will 
use the presence and absence of bands to designate patterns. Therefore, the 
inclusion of matching negatives within a numerical system may be considered 
as representative of this, and shape coefficients such as the correlation 
coefficient have been used in this way in automated gel comparison software. 
However, in taxonomic studies matching negative characters may be 
acceptable when the characters themselves are relevant and comparison is 
meaningful. However, when bands are of unknown origin, such as in RAPD 
studies, then their relevance cannot be quantified and it would seem most 
appropriate to use coefficients that discount matching negatives. 
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MATERIAL AND METHODS 


1. 1. Isolation and identification of M. phaseolina 

Macrophomina phaseolina (Tassi) Goid, causal agent of damping of seedling 
blight, collar rot, stem rot, root rot and charcoal rot of various crops plants was 
isolated from the roots, stem and soils of diseased bean, chickpea, corn and 
soybean plants. The diseased plants and the soils were collected from different 
sites. Infected plants were uprooted with the help of a spade and samples of the 
diseased plants were kept in UV sterilized polythene bags and brought under 
refrigerated conditions. 

Pieces of diseased roots and stems (1 cm long) were washed four times with 
sterihzed distilled water (SDW) and surface disinfected with 1% ethanol for 2-3 
min and again washed twice in SDW. One cm long, root and stem segments were 
placed (2 piece per petri dish of 9 cm diameter) on acidified potato dextrose agar 
(APDA) medium. Plates were incubated at 28±2°C for six days. For purification, 
colonies growing out of root and stem pieces were re-inoculated on fresh APDA 
medium. The pure cultures were stored on APDA slants at 4°C for further study. 
Soil isolates of other fungi were stored in petri dishes at 4°C containing APDA 
media. 

The isolated M. phaseolina colonies were identified on the basis of cultural 
and morphological characteristics (Gillman 1967; Schots et al. 1994). Some 
reference isolates of Nl. phaseolina isolates were obtained from the culture 
collection of UK-CABI and all the isolates were submitted to the repository of 
National Bureau of Agriculturally Important Microorganisms (NBAIM), India 
(Table 3.1). 
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Table 3.1 M. phaseolina isolates collected from different hosts and different 

locations used in this study. 


SI. 

No 

Code No. 

NBAIM 

Accession 

No. 

Geographical origin 

Biological 

origin 

1 

mpkl 

F-1289 

Himachal Pradesh 

Potato 

2 

mpk2 

F-1266 

Himachal Pradesh 

Potato 

3 

mpk3 

F-1295 

Ballia, Uttar Pradesh 

Chickpea 

4 

mpk4 

.... 

Maharastra 

Sorghum 

5 

mpk5 

F-1263 

Varanasi, Uttar Pradesh 

Chickpea 

6 

mpk6 

F-1288 

Varanasi, Uttar Pradesh 

Sorghum 

7 

mpk7 

F-1274 

Jhansi, Uttar Pradesh 

Soybean 

8 

mpk8 

F-1286 

Mau, Uttar Pradesh 

Corn 

9 

mpk9 

F-1264 

Ballia, Uttar Pradesh 

Soybean 

10 

mpklO 


Kerala 

Soil 

11 

mpkll 

F-1272 

Varanasi, Uttar Pradesh 

Chickpea 

12 

mpkl2 

F-269 

Mau, Uttar Pradesh 

Soil 

13 

mpkl3 

CABI-263176 

Uttar Pradesh 

N.A 

14 

mpkl4 

F-1278 

Varanasi, Uttar Pradesh 

Pea 

15 

mpkl5 

F-1285 

Karnataka 

Corn 

16 

mpkl6 

.... 

Gujarat 

Sorghum 

17 

mpkl7 

F-1281 

Karnataka 

Chickpea 

18 

mpkl8 

F-1267 

Delhi 

Mung bean 

19 

mpkl9 

F-1269 

Delhi 

Soybean 

20 

mpk20 

F-302 

Jorhat, Assam 

Sorghum 

21 

mpk21 

F-1291 

Delhi 

Sorghum 

22 

mpk22 

F-494 

Chennai 

Corn 

23 

mpk23 

F-1271 

Delhi 

Chickpea 

24 

mpk24 

F-1284 

Andhra Pradesh 

Soybean 

25 

mpk25 

F-1294 

Delhi 

Pea 

26 

mpk26 

F-1270 

Madhya Pradesh 

Soil 

27 

mpk27 

F-1268 

Madhya Pradesh 

Soybean 

28 

mpk28 

.... 

Tamil Nadu 

N.A 

29 

mpk29 

CABI-277878 

N.A 

N.A 

30 

mpk30 

F-496 

Madhya Pradesh 

Ground nut 

31 

mpk31 

F-1276 

Solapur, Maharastra 

Sorghum 

32 

mpk32 

F-495 

Varanasi, Uttar Pradesh 

French bean 

33 

mpk33 

F-300 

Jorhat, Assam 

Chickpea 

34 

mpk34 

F-1273 

Karnataka 

Soybean 
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35 

mpk35 

F-1262 

Varanasi, Uttar Pradesh 

Soybean 

36 

mpk36 

F-1261 

Jhansi, Uttar Pradesh 

Soil 

37 

mpk37 

F-301 

Uttar Pradesh 

Soybean 

38 

mpk38 

F-1297 

Varanasi, Uttar Pradesh 

Chickpea 

39 

mpk39 

F-1287 

Ballia, Uttar Pradesh 

Sorghum 

40 

mpk40 

F-1296 

Mau, Uttar Pradesh 

Chickpea 

41 

mpk41 

F-1277 

Gulberga, Maharastra 

Sorghum 

42 

mpk42 

F-1275 

Andhra Pradesh 

Sorghum 

43 

mpk43 

F-1280 

Uttar Pradesh 

Corn 

44 

mpk44 

.... 

Rajasthan 

Sorghum 

45 

mpk45 

F-1292 

Varanasi, Uttar Pradesh 

Sorghum 

46 

mpk46 

F-1290 

Andhra Pradesh 

Corn 

47 

mpk47 

F-1279 

Chennai 

Soybean 

48 

mpk48 

F-1265 

Varanasi, Uttar Pradesh 

Chickpea 

49 

mpk49 

F-1283 

Varanasi, Uttar Pradesh 

Sunflower 

50 

mpkSO 

F-1282 

Jhansi, Uttar Pradesh 

Corn 


1. 2. a.Pathogenecity assay 

The occurrence of disease in their respective susceptible host plants 
(Sorghum, chickpea and soybean) was determined in pathogenecity assay under 
greenhouse conditions. For pathogenecity, 50 isolates were used. Toothpick 
inocula method was used for inoculation of the pathogen on host plants 
(Edmunds 1964). The plants were inoculated 14-23 days after sowing. For each 
experiment, one set of uninoculated control plants were used. Toothpicks were 
inserted in to the plant stem with no prior woxmding. Incubation period that 
followed inoculation, ranged between 6-14 days, and incubation temperature 
was maintained in the range of 28-30°C. In this experiment, 20 plants per isolate 
were used. For data analysis, the number of symptomatic plants was only taken 
in account. In the experiment with bean, chickpea, corn and soybean plant, only 
those plants that were completely wilted or dead were considered as diseased. 
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I. 2. b. Pycnidia formation 

The ability of M. phaseolina isolates to form pycnidia on leaf tissues in their 
respective host plants as investigated as described by Mihail (1992). Inoculation 
method was same as above; each plant was inoculated at its flowering stage. 
Incubation period in all the hosts {i.e., Sorghum, Chickpea and Soybean) ranged 
from 6-12 days. Following incubation, approximately in which pycnidium was 
removed form the leaf tissue and crushed on a microscope glass slide and the 
presence of typical pycnidio-spores were confirmed. 

1. 2. c. Data analysis 

Data analysis for pathogenecity and pycnidia formation was done following 
the procedure of Mihail and Taylor (1995). For pathogenecity the sum of all 
symptomatic plants was determined for each of the four host species. Similarity 
for each host in the pycnidia formation test, the sum of leaf pieces in the 
experiment with pycnidium was determined 1 (maximum=10). If the sum for 
pathogenecity or pycnidia formation was zero, one or greater than one, the 
corresponding phenotype code for that type of experiment was considered zero, 
two or three respectively. This coding system was adopted to give greater weight 
to the difference between pathogenecity and non pathogenecity than to degree 
patirogenecity similarity, the difference in frequency of pycnidium formation. AH 
the experiments were repeated twice and data were subjected to standard 
deviation. 

1. 3. a. Lyophilization of M. phaseolina isolates 

A spore suspension was prepared in a 10% (w/v) skimmed milk solution 
pre-sterihzed by autoclaving at 114°C for 10 min. With a Pasteur pipette 0.2mL 
(approx.) was added as a suspension to each sterile ampoule. Each ampoule was 
covered with a sterile lint cap. The ampoules were loaded onto the circular 
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manifold and place in a freezer, when frozen place into a dry ice bucket then 
attached to the freeze drier chamber manifold. The ampoules were left attached 
to die chamber and evacuated for a 5h. Air was admitted into the freeze-drier 
chamber and the ampoules removed. The ampoules were plugged with sterile 
cotton wool compressed to 10mm in depth, 10mm (approx.). 

The plugged ampoule was constricted 10mm above the cotton plug using 
the air/ gas torch. The constricted ampoules were placed on the manifold 
accessory of the freeze-drier and evacuated. The ampoules were sealed at the 
point of constriction after a 16h (over night) drying process using a twinjet 
burner under vacuum (Vacuum and Industrial Products). At this point the 
moisture content was 1-2% by dry weight. 

I. 3. b. Recovery and testing of Lyophilized cultures 

An ampoule was scored at the centre of the cotton wool plug using a 
glasscutter. The tip of a glass rod was heated in a Bunsen burner tmtil red-hot 
and applied firmly to the score. The heat cracked the tube around the score line. 
The ampoule was Snap-opened and the cotton plug removed. With a Pasteur 
pipette 2-4 drops of sterile distilled water was added and the cotton plug 
replaced leaving for 30 min to rehydrate the suspension. This suspension was 
then inoculated onto a suitable growth medium and incubated under 
appropriate conditions. 
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II. Molecular characterization and identification of M. phaseolina 


II. 1. Extraction and quantification of DNA 

The fungus was grown in 150 mL of malt extract broth and gyrated at 125 rpm 
for 5-6 days at 28±2°C. The mycelia were harvested by filtration through a double 
layered cheese cloth and freeze dried imder vacuum. Total genomic DNA was 
extracted, as described by Lee and Taylor (1992), with some modifications. 
Approximately 200 gm of lyophilized mycelia was taken into 1.5 mL tube, crushed 
with micro-pestle mixed with 300 pL of lysis solution (50mM Tris-HCl, pH 7.8, 
50mM Na 2 -EDTA, 3% SDS) to which freshly prepared 1% 2-mercaptoethanol was 
added and incubated at 65 °C for 4 h. Proteinase K (600pg mL'^) was added and 
further incubated at 35°C for 1 h. The genomic DNA was purified by phenol- 
chloroform method and precipitated with ethanol {Appendix-l). The pure and 
quantified DNA samples were stored at 4°C till further use. 

II. l.a. PCR amplification of 5.8S rDNA gene cluster 

The rDNA gene cluster, consisting of ITS-1, 5.8S rDNA and ITS-2, was 
amplified with primers homologous to conserved sequences within the small 
subunit (SSU) rDNA gene. The ITS primers used were ITS-1 and ITS-4 (White et al. 
1990) (Table 3.2). PCR was performed in a total volume of 50 pL containing 5 pL of 
lOX PCR buffer (lOOmM, Tris-HCl, pH 8.3, 15mM MgC12, 250mM KCl), lU Taq 
DNA polymerase (Bangalore Genei, India), 160 pM dNTP mixture, 50 pmol of each 
ITS-1 and ITS-4 primers, and 50 ng genomic DNA in SDW. PCR was carried out 
for 35 cycles of denaturation at 95°C for Imin, annealing at 50°C for 30 sec and 
extension at 72°C for Imin 20 sec, with a final extension step at 72°C for 10 min, 
using Techne, TC-412 tiiermocycler. 


S Ut'M'lopuienl ....... MatraplNmumipluiseaHm, 


1 




Table 3.2 List of primers used for amplification of genomic DNA 


SI. No 

Primers 

Sequence (5'-3') 

1 

lTS-1 

TCCGTAGGTGAACCTGCGG 

2 

ITS-4 

TCCTCCGCTTATTGATATGC 

3 

P3 

TCCGTAGGTGAACCTGCGG 

4 

BOXAIR 

CTACGGCAAGGCGACGCTGACG 

5 

M13 mini-satellite 

GAGGGTGGCGGTTCT 

6 

URP9F 

ATGTGTGCGATCAGTTGCTG 

7 

URPPIF 

ATCCAAGGTCCGAGACAACC 


II. 1. b. PCR amplification of 28S rRNA gene cluster 

PCR amplification of a part of 28S rRNA gene cluster was carried out as 
described by Guadet et al. (1989). Amplification was carried out in 50 pL reaction 
mixture with 50 pmoles of specific primers ITS-land P3 (Guadet et al. 1989). The 
reaction mixture consist of 5 pi of lOX PCR assay buffer (lOmM Tris HCl pH 9.0, 
50 mM KCl, 1.5 mM MgCli and 0.1% Triton-X 100), 1.2 pL of 50 pmol primers, 
0.2 pL of 25 mM dNTPs, 0.4 pL of 3U/pL Taq polymerase, 1.5 pL (20-50ng) of 
template DNA, and 46.2 pL of sterile distilled water. Amplification reaction was 
performed in BioRad Dyad thermocycler using block control, initial denaturation 
at 95°C for 5 min, followed by 35 cycles of denaturation at 95°C for 1 min, 
annealing at 50°C for 50 sec, extension at 72°C for Imin 20 sec, followed by final 
extension at 72°C for 10 min. 




II. 1. c. Restriction Fragment Length Polymorphism analysis 

The amplified rDNA fragment was used for RFLP analysis using 10 restriction 
enzymes (Table 3.4). A volume of 20 pL reaction mixture containing 2 pL of lOX 
buffer, 0.8pL restriction enzyme (lOU/pL), 14 pL ampfified DNA and 3.2 pL sterile 
distilled water was prepared for each sample and incubated overnight at 37°C in a 
water bath. The restriction digests were separated by electrophoresis in 2 ^ agarose 
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gel for 6 h at 6 Vcm-^ in IX TBE buffer, stained with Et-Br and visualized under UV 
transilluminator. 


Table 3.3 Master mixtures for IX- PCR 


Reaction 

mixture 

ITS 

Specific 

primers 

Primer sets 

5.8S 

(ITS land ITS 4) 

28S 

(ITSlandPS) 

MPKFl and 
MPKRl 

Genomic DNA 

50 ng 

50 ng 

25-35 ng 

P-1 

50 pmol 

50 pmol 

5 pmol 

P-2 

50 pmol 

50 pmol 

5 pmol 

dNTP mix 

0.2 mM 

0.2 mM 

0.2 

lOxPCR-Buffer 

5pL 

5pL 

2pL 

Enzyme 

lU 

lU 

0.4 U 

Deionized water 

To 50 pL 

To 50 pL 

To 20 pL 


II. 2. Direct sequencing of ITS region 

Eight isolates of M. phaseolim collected from different host and diverse 
ecological conditions were selected for sequencing of ITS region. For direct 
sequencing of PCR products, the amplified product was electrophoresed on 1% 
agarose gel and the fragment was extracted and purified using the Prepagene kit 
(BioRad). Sequencing was carried out on an ABI automated DNA sequencer, using 
cycle sequencing with the ABI Big Dye termination cycle sequencing ready 
reaction kit following the protocol recommended by the manufacturer. The 
resulting ITS sequences were analyzed for homologies with sequences deposited 
in the GenBank and EMBL databases. 

II. 3. Development of specific oligonucleotide primers and probe 

The eight sequences from M. phaseolim isolates and other two reference 
sequences retrieved from EMBL and GenBank databases (Table 4.2) were aligned 

using the CLUSTAL X (version 1.7) algorithm program . 
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Table 3.4 1 

Restriction enzymes used for RFLP analysis 

SI. No 

Restriction enzyme 

Recognition site 

1 

EcoR I 

GtAATTC 

2 

Sau 3 A I 

▼GATC 

3 

Alul 

AGtCT 

4 

Clal 

ATtCGAT 

5 

Hap II 

CTCGG 

6 

Msp I 

CtCGG 

7 

Taq I 

TvCGA 

8 

Apa 1 

GGGCCt C 

9 

Hind III 

AtAGCTT 

10 

Sac I 

GAGGCTtC 


The sequences were visually checked for regions having homologies among 
isolates of M. phaseolina but not among other ftmgi. The regions, which were 
conserved among the isolates and specific for Macrophomina, were selected to 
design species-specific oligonucleotide. An oligonucleotide probe (MpKHl) was 
designed from the conserved region, adjacent to the 5.8S gene. Two primers, 
forward and reverse were designed using PrimerS online software with default 
options. The forward (MpKFI) and reverse (MpKRI) primers (Table 4.3) were 
evaluated separately to yield a product in the range of 300 to 400 bp. The 
theoretical specificity of the primer set was checked with tire sequences from the 
other fungi in the GenBank by using BLASTn analysis. The parameters such as 
percentage of G+C content, absence of self-complementarity in oligonucleotides 
and complimentarity between the primers were analyzed using the program 
GeneRunner (Hastings Software, VSA){Appendix-l). The oligonucleotides were 
custom synthesized by Bangalore Genei, India. 


IL 4. Development of a PCR assay specific for M. 

The specific primers MpKFI (5'-CCGCCAGAGGACTATCAAAC-3') and 
MpKRI (5’-CGTCCGAAGCGAGGTGTATT-3'), designed during the course of this 
study were used for amplification. PGR protocol was standardized and 
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amplification was performed in 20 pL by mixing 2 pL of lOX PCR buffer, 0.2 mM 
dNTPs, 5 pmol of each primer, 0.4U of Taq DNA polymerase and 35 ng of template 
DNA. The PCR reaction was carried out for 25 cycles of denaturation at 95°C for 30 
sec, followed by annealing at 56°C for 1 min, extension at 72°C for 2 min and the 
final extension at 72°C for 10 min. 

II. 5. Development of a hybridization assay specific for M. phaseolina 

The oligonucleotide probe MpKHl (5'-GCTCTGCTTGGTATTGGGC-3') was 
non-radioactively labeled by using DIG DNA Labeling and Detection Kit (Roche 
Applied Science, Germany), following manufacturer's instructions. The probe was 
tested with 50 isolates of M. pJiaseolina to check the specificity of the probe. PCR 
amplified ITS product from representative strains of some common soil fungi, 
bacteria and actinomycetes (Table 4.3) and two strains of M. phaseolina (as control) 
were used as target in a dot blot assay to confirm the specificity of the probe. PCR 
products were manually blotted onto positively charged nylon membrane (Roche 
Diagnostics, USA). Initially, variable quantities of PCR products were blotted to 
optimize the concentration of target DNA for hybridization. Finally 5 pL of PCR 
products were blotted irrespective of their concentrations. Membranes were 
incubated for 15 min in a denaturation solution (0.5 M NaOH, 1.5 M NaCl), 10 min 
in a neutralization solution (0.5 M Tris-HCl, pH 7.5, containing 3 M NaCl), and 2 
min in lOX SSC and dried at 25±2°C for 15 min. The DNA was fixed to the 
membrane by baking at 120°C for 30 min. To optimize the hybridization 
procedure, conditions like temperature for hybridization and washing, labeling 
method and the concentration of the probe, salt concentration of the washing 
buffer was determined as described elsewhere (Edel et al. 2000). Visual detection of 
the hybridized DIG-labeled probes was carried out using colorimetric substrates 


■'tJr-rHtni!!' siihI devdopincnt ...... ....... Macrnpkomuiu pha\c»limi 


38 


(NBT/BCIP). Dot blot hybridization was performed at least three times under the 
conditions optimized for specific detection of M. phaseolina. 

IL6. SSCP- Analysis of 5.8S rDNA gene: 

All M. phaseolina isolates were subjected for the amplification of 5.8S gene 
by using the species specific primer set (MpKFl and MpKRl) developed in this 
study (Table 4.3). DNA amplification was carried out under the optimized PCR 
conditions as mentioned above and SSCP analysis of the PCR products was 
performed as described previously. One microlitre of individual PCR products 
was mixed with 9 mL of the denaturing buffer (95% formamide, 20 mM EDTA 
and 0.05% bromophenol blue). After a brief spin, mixtures were heated at 96°C 
for 10 min then chilled on ice. Five microlitres of each mixture was loaded on a 
12% acrylamide: bis-acrylamide (37.5:1) non-denaturing gel cast using Universal 
Mutation Detection System (BioRad Laboratories, Hercules, CA, USA) {Appendix- 
I). Denatured PCR products were eletrophoresed in pre-chilled IX TBE buffer, at 
200 V for 2 h at room temperature. 

After electrophoresis, polyacrylamide gels were peeled from the glass plate 
and soaked in 50 mL (for two gels) of 10% etihanol for 10 min, and placed in the 
same amount of 1% nitric acid for 3 min. After two brief washes with 100 mlL 
SDW, gels were stained in 50 ml of 2 ppm Silver nitrate for 20 min then rinsed 
three times in 200 mL SDW. Gels were developed by briefly rinsing in 30 mL of 1 
ppm formaldehyde in 3% Sodium carbonate until desired band intensity was 
reached. The stain was fixed in 1% acetic acid once the SSCP patterns were 
visible. Images were captured for documentation and comparison analysis. 

III. 1. Random Amplified Polymorphic DNA (RAPD) analysis 
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M. phaseolina isolates were subjected for PCR amplification for the analysis 
of genetic diversity by RAPD method using 13 randomly selected 10-mer 
random oligonucleotide primers from Operon kit (Table 3.5). 

PCR-RAPD amplification reactions were carried out using the same DNA as 
used for ITS regions. The reaction mixture consisted of 0.2 mM of each dNTPs, 50 
pmol primer, IX PCR buffer, 10 mM Tris HCl (pH 8.3) , 50 mM KCl , 1.5 mM 
MgCh and 2U of Taq DNA polymerase (Bangalore Genei; India). DNA 
amplifications were performed in BioRad Dyad tihermocycler with one cycle of 
initial denaturation (94°C, 1 min, annealing (35°C, 2 min) and extension (72°C, 2 
min) wiih a final extension at 72°C for 5 min. 

Table 3.5 L ist of 10-mer random primers used in this study 


Primers 

Seq 5' to 3' 

OPA-15 

TTCCGAACCC 

OPA-11 

CAATCGCCGT 

OPB-08 

GTGAGCTAGG 

OPV-17 

GACCGCTTGT 

OPA-10 

GTGATCGCAG 

OPC-10 

TGTCTGGGTG 

OPB-06 

TGCTCTGCCC 

OPB-07 

GGTGACGCAG 

OPD-11 

AGCGCCATTG 

OPB-17 

AGGGAACGAG 

OPA-09 

GGGTAACGCC 

OPE-01 

ACCGCGAAGG 

Oligo-9 

GTGATCGCA 


III. 2. Rep -PCR 

rep-PCR fingerprints were obtained for same DNA samples by using single 
short repetitive primer BOXAIR (5'-CTACGGCAAGGCGACGCTGACG-3') 
(Versalovic et al 1998). PCR was performed in a total volume of 25 pL containing 
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2.5 \iL of lOX PCR buffer (100 mM, Tris-HCl, pH 8.3, 15 mM MgCk, 250 mM 
KCl), lU Taq DNA polymerase (Bangalore Genei, India), 160 pM dNTP mixture, 
50 pmol of primer, and 50 ng genomic DNA in SDW. PCR program was initiated 
by denaturation at 95 °C for 7 min, followed by 30 cycles consisting of 94°C for 1 
min, 54°C for 1 min and 65°C for 8 min. the reaction was terminated with an 
extension step consisting of 72°C for 10 min. 


III. 3. URP- PCR 

PCR fingerprints were obtained for same DNA samples by using Universal 
Rice Primers (URP) URP9F and URP PIF (Table 3. 2). PCR was performed in a 
total volume of 25 pL containing 2.5 pL of lOX PCR buffer (100 mM, Tris-HCl, 
pH 8.3, 15 mM MgCU, 250 mM KCl), lU Taq DNA polymerase (Bangalore Genei, 
India), 160 pM dNTP mixture, 50 pmol of primer, and 50 ng genomic DNA in 
SDW. PCR program was initiated by denaturation at 95°C for 7 min, followed by 
30 cycles consisting of 94°C for 1 min, 54°C for 1 mip and 65°C for 8 min, the 
reaction was terminated with an extension step consisting of 72°C for 10 min. 


III. 4. M13 mini satellite -PCR 

PCR amplification reactions were carried out using the same DNA as used 
for die above reactions. The, 25 pL reaction mixture contains 25-30 ng genomic 
DNA, 0.2 mM of each dNTPs, 50 pmol primer, IX PCR buffer, (10 mM Tris-HCl 
(pH 8.3), 50 mM KCL, 1.5 mM MgCh) and lU of Taq DNA polymerase 
(Bangalore Genei, India). DNA amplihcations were performed in BioRad Dyad 
thermocycler with one cycle of initial denaturation (94 C, 1 min), annealing 
(35°C, 2 min) and extension (72°C, 2 min) with a final extension at 72°C for 5 min. 
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All the amplifications were repeated three times to check the reproducibility 
of the banding pattern. A negative control was included in each set of PCR 
reactions. PCR amplified products together with marker (1 Kb Fermentas, USA) 
were resolved by gel electrophoresis (4 Vcm-^) on 1.4% agarose gels in IX TAB 
buffer containing 0.5 mg mL-^ Et-Br and visualized under UV transilluminator. 


IV. Data analysis 

The fingerprints generated by different primers were compared for the 
relatedness among isolates. The presence (scored 1) or absence (scored 0) of a 
band of a particular molecular weight was scored as two alleles at single locus to 
compile binary matrices. The dendrogram were constructed by UPGMA cluster 
analysis using three different coefficients: the simple matching coefficient (SM), 
DICE coefficient and Jaccard coefficient (J). To provide another means of testing 
the relationships among isolates a three-dimensional common principal 
components analysis (CPCA) was constructed by using EIGEN module of 
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RESULTS 


I. Morphological identification and characterization of M. phaseolina 

Different isolates of M. phaseolina were isolated from root and stem of bean, 
chickpea, corn, soybean plants and also from the field soil (Table 3.1). In general, 
maximum number of isolates was obtained from chickpea plants. Some 
reference isolates of M. phaseolina isolates were obtained from UK-CABI culture 
collection. These isolates of M. phaseolina were characterized morphologically 
based on colony color and sclerotial formation (Fig. 4.1A and B). 

The colonies of M. phaseolina were generally identified by the grayish-brown 
to black in colour with abundant aerial mycelium and sclerotia intermingled 
amongst the hyphae. Some colonies appeared dark-brown to black having a 
characteristic granular appearance due to the presence of numerous sclerotia 
immersed tmder surface of the agar plates. Under microscope, the mycelium 
appeared both inter and intra-cellular. Pycnidia were produced from simple 
pycnidiogenous cells. Pycnidiogenous cells were enteroblastic-phialidic and 
were borne on septate-branched pycnidiophores. 

1. 1. Pathogenecity and Pycnidium formation 

All the 50 isolates were tested for pathogenecity under the controlled 
conditions. Nineteen isolates were pathogenic to more than one of their 
respective host plants; twenty-five were only pathogenic to one of their 
respective host plants, sorghum (mpk4, 6, 16, 20, 21, 31, 39, 41, 42and 44), 
chickpea (mpk3, 5, 11, 23, 33, 38, 40 and 48) and soybean (mpk7, 9, 24, 27, 34, 35 
and 36), while six isolates were not pathogenic. However, none of the isolates 
showed any relation with pathogenecity in relation to their geographical origin. 
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Fig. 4.1 (A) Morphological similarity ofM phaseolina isolates 

(B) Pycinidia formation in M. i?Aaseo//na 




The pathogenecity of isolates, obtained from the plant roots was compared 
with soil isolates and no difference was detected in their symptom expressions 
(Table 4.1). 


Table 4 

.1 Pathogenecity and pycnidia formation by M. phaseolina isolates 

Isolate 

Host of origin 

Pycnidia 

Pathogenecity *on different host 

No. 


formation** 

Sorghum Chickpea 

Soybean 

mpkl 

Potato 

0 

2 

0 

0 

mpk2 

Potato 

2 

0 

0 

0 

mpkS 

Chickpea 

3 

0 

3 

0 

mpk4 

Sorghum 

0 

3 

0 

0 

mpkS 

Chickpea 

3 

0 

3 

0 

mpk6 

Sorghum 

0 

3 

0 

0 

mpk7 

Soybean 

3 

0 

0 

3 

mpk8 

Corn 

0 

2 

2 

2 

mpk9 

Soybean 

2 

0 

0 

3 

mpklO 

Soil 

2 

0 

0 

0 

mpkll 

Chickpea 

2 

0 

3 

0 

mpkl2 

Soil 

0 

2 

2 

2 

mpkl3 

N.A 

0 

0 

0 

0 

mpkl4 

Pea 

0 

0 

0 

0 

mpklS 

Corn 

3 

2 

0 

2 

mpkl6 

Sorghum 

2 

3 

0 

0 

mpkl7 

Chickpea 

0 

2 

3 

2 

mpkl8 

Mimg bean 

2 

0 

2 

2 

mpkl9 

Soybean 

3 

2 

2 

3 

mpk20 

Sorghum 

2 

3 

0 

0 

mpk21 

Sorghum 

0 

3 

0 

0 

mpk22 

Corn 

2 

2 

0 

2 

mpk23 

Chickpea 

3 

0 

3 

0 

mpk24 

Soybean 

2 

0 

0 

3 

A 

mpk25 

Pea 

2 

0 

0 

u 

A 

mpk26 

Soil 

0 

2 

0 

2 

o 

mpk27 

Soybean 

2 

0 

0 

n 

3 

n 

mpk28 


0 

0 

U 

u 

A 

mpk29 

N.A 

0 

2 

2 

Z 

A 

mpk30 

Groimd nut 

2 

2 

2 

2 

A 

mpk31 

Sorghum 

3 

3 

0 

o 

u 

mpk32 

French bean 

0 

2 

■ , 2 

z 

mpk33 

Chickpea 

3 

0 

3 

A 

0 

a 

mDk34 

Soybean 

2 

0 

U 

O.' 

r -J. — ^ 







mpk35 

Soybean 

0 

0 

0 

3 

mpk36 

Soil 

0 

0 

0 

3 

mpk37 

Soybean 

2 

2 

2 

2 

mpk38 

Chickpea 

3 

0 

3 

0 

mpk39 

Sorghum 

2 

3 

0 

0 

mpk40 

Chickpea 

3 

0 

3 

0 

mpk41 

Sorghum 

2 

3 

0 

0 

mpk42 

Sorghum 

2 

3 

0 

0 

mpk43 

Corn 

3 

0 

2 

2 

mpk44 

Sorghum 

2 

3 

0 

0 

mpk45 

Sorghum 

2 

2 

2 

2 

mpk46 

Corn 

2 

0 

2 

2 

mpk47 

Soybean 

0 

3 

3 

3 

mpk48 

Chickpea 

3 

0 

3 

0 

mpk49 

Sxmflower 

2 

2 

0 

2 

mpkSO 

Corn 

0 

2 

2 

2 


Note: * Paihogenecity of 50 isolates was tested on the hosts (sorghum, chickpea 
and soybean). ** Pycnidium formation tested on leaf tissues of the same host of 
origin. Pathogenecity scores on scale 3 to 0 indicates frequent, infrequent and 
non-pathogenic, similarly, pycnidia formation scores on scale 3 to 0. 


Out of fifty isolates, pycnidium production did not occurred in 17, while 33 
produced pycnidium in their host plants. In chickpea isolates, pycnidium 
formation was significantly greater than corn, bean and soybean. Most of the 
bean isolates formed pycnidia on leaf tissues; however, they never matured to 
produce pycnidiospore even with extended incubation (Table 4. 1). 

1. 3. Lyophilization and revival 

All lyophilized M. phaseolina cultures were revived and isolates were 
submitted to the repository of National Bureau of Agriculturally Important 
Microorganisms (NB AIM), India (Table 3.1). 
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II. Identification and detection of M. phaseolina 

The PCR-based identification and detection of different isolates of M. 
phaseolina was done by the development of species-specific oligonucleotide 
primers and probe by exploiting the internal transcribed spacer (ITS) and the 
genetic diversity was estimated by using RAPD-PCR technique. Thirteen RAPD 
10-mer primers, (OPA-15, OPA-11, OPA-10, OPB-08, OPV-17, OPC-10, OPB-07, 
OPB-06, OPD-11, OPB-17, OPE-01, Oligo-09 and OPA-09) (Table 3.5), two URP 
primers (URP-9F and URP-PIF), one rep-primer (BOXAIR) and one M13 mini- 
satellite primer were analyzed (Table 3.2). The PCR coupled to restriction 
fragment length polymorphism (RFLP) was also used. 


II. 1. Internal Transcribed Spacer Region 
5.8S rDNA gene amplification 

Genomic DNA amplification by using ITSl and ITS4 primers yielded a 
fragment approximately 650 bp that consists of ITS-1, 5.8S and ITS-2 region of 
rDNA gene cluster of (Fig. 4.2). The variability within the ITS amplified regions 
was also investigated by cleaving this fragment with 20 different restriction 
enzymes (Table 3.4). Tire restriction enzymes EcoR I, Sau 3 A I, Alu I and Cla I 
produced identical pattern for all the isolates. The enzymes Hap II, Msp I and Taq 
I have multiple cleavage sites in ITS amplified product and produced fragments 
less than 100 bp in size. The enzymes Apa I, Hind III and Sac I failed to cleave the 
ITS region (Fig. 4.3). 

II. 2. 28S rDNA gene cluster amplification 

To study the polymorphism at 28S rDNA gene region a set of primers ITSl 
and P3 were used in PCR amplification. Arotmd 1300 bp firagment was obtained 
and was subjected for restriction digestion analysis by using Hpa I restriction 
enzyme, which yielded a fragment size of 600 bp, 400 bp and 300 bp in all the 
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Fig. 4.4 (A) PCR-Amplifieation of 28S rDNA gene. 

(B) Restriction fragment length polymorphism using Hpal. 
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isolates of M. phaseolina (Fig. 4.4a and b) Therefore, digestion of amplified ITS 
region with different restriction enzymes did not produce significant 
polymorphic pattern among the isolates. 


II. 3. Sequencing and sequence submission 

The sequences of ITS region for eight isolates was analyzed for homologies and 

was deposited in the GenBank database (Table 4.2) 

Table 4. 2 List of M. phaseolina cultures used for sequencing 
Biological origin Geographical origin “ 


SI. 


NBAIM 

Acce.No. 


GenBank 

Acces.No. 


1 

Chickpea-2001 

Karnataka, India. 

F1281 

DQ359737 

2 

Sorghum-2003 

Andhra Pradesh, India 

F1275 

DQ359738 

3 

Soybean -2003 

Karnataka, India 

F1273 

DQ359739 

4 

Soil -2003 

Varanasi, Uttar Pradesh, 
India 

F1262 

DQ359740 

5 

Potato-2000 

Flimachal Pradesh, India 

F1289 

DQ359741 

6 

Sorghum-2000 

Delhi (lARI), India 

F1291 

DQ359742 

7 

Phaseolus mungo- 
2003 

Delhi (lARI), India 

F1267 

DQ359743 

8 

Chickpea-2002 

Varanasi, Uttar Pradesh, 
India 

F1263 

DQ359744 


The FASTA format of ITS sequences of M. 

>gi 1 85838223 1 gb | DQ359737.1 1 Macrophomina phaseolina isolate KB-1 internal 
transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, comp ete 
sequence; and internal transcribed spacer 2, partial sequence. 


CCACCCTTTGTATACCTACCTCTGTTGCTTTGGCGTGCCGCGGTCTTCCGCGG^^^^ 

CCCCGGATTTGGGGGGTGGCTAGTGCCCGCCAGAGGACTATCAAACTC _ ^ _ 

AACGTTGCAGTCTGAAAAAAATATTAAATAAACTAAAACTTTCAACi^ ATTGCAG 

TGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATG ,_^GCA^ 

AATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTA ^ 
GCATGCCTGTTCGAGCGTCATTTCAAGCCTCAAGCTCTGCTOGTAT _ 
CTTTGCGGGCGCGCCTCAAAGACCTCGGCGGTGGCGTCTTGCCTCAA 
ATACACCTCGCTTCGGAGCGTAAGGCGTCGCCCGCCGGACGAACCT 

CTCAAG 

>gi 1 85838224 1 gb I DQ359738.1 1 Macrophomina plwseolma isolate 
transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, comp 

sequence; and internal transcribed spacer 2, partial sequence. 


aiiid iir'i eiripmcrit. ■>. 






tcccaccctttgtatacctacctctgttgctttggcgggccgcggtcttccgcggccg 

CCCCCCGATTTTGGGGGGTGGCTAGTGCCCGCCAGAGGACTATCAAACTCCAGTCAG 

TAAACGTTGCAGTCTGAAAAAAATATTAAATAAACTAAAACTTTCAACAACGGATCT 

CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCA 

GAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGG 

GGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCACCGT 

CCTTTGCGGGCGCGCCTCAAAGACCTCGGCGGTGGCGTCTTGCCTCAAGCGTAGTAG 

AAT ACACCTCGCTTCGGAGCGT A AGGCGT CGCCCGCCGG ACG AACCTTCTG A ACTTT 

TCTCAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATA 

AGGGGAGGAA 

>gi 1 85838225 | gb | DQ359739.1 1 Macrophomina phaseolina isolate KB-3 internal 
transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete 
sequence; and internal transcribed spacer 2, partial sequence. 

TTTGTATACCTACCTCTGTTGCTTTGGCGGGCCGCGGTCTTCCGCGGCCGCCCCCCGA 

TTTTGGGGGGTGGCTAGTGCCCGCCAGAGGACTATCAAACTCCAGTCAGTAAACGTT 

GCAGTCTGAAAAAAATATTAAATAAACTAAAACTTTCAACAACGGATCTCTTGGTTC 

TGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCA 

GTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGC 

CTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCACCGTCCTTTGC 

GGGCGCGCCTCAAAGACCTCGGCGGTGGCGTCTTGCCTCAAGCGTAGTAGAATACAC 

CTCGCTTCGGAGCGTAAGGCGTCGCCCGCCGGACGAACCTTCTGAACTTTTCTCAAG 

GTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGGGGAG 

GAA 


>gi 1 85838226 1 gb | DQ359740.1 1 Macrophomina phaseolina isolate KB-4 internal 
transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete 
sequence; and internal transcribed spacer 2, partial sequence. 

GAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCATT 

CATGGCCGCCGGGGGCTCTCAGCCCCGGGATTTTGGGGGGTGGCTAGTGCCCGCCAG 

AGGACTATCAAACTCCAGTCAGAAACGTTGCAGTGCGAAAAAAATATTAAATAAAC 

TAAAACTTTCAACAATGGATCTTTTGGTTANGGCATCAGATGAAGAACGCAGCGAAA 

TGCAATAAGTAATNTGAATTGCTGAATTCATTGAATCATGGAATCTTTGAACGCACA 

TTGNGCCCCGTGCTATTCCGGGGGGCATGCCTGTTCTGAGCGTCATTTCAACCCTCGA 

GCTCTGGTTGTTATTGGGCTACCGTCCTGTGCGGGCGCCGCCATCAAAGAGCCTGCG 

GGCGGTGGCGTCTTGCCTCAAGGGTAGTAGAATACACCTCGCTTCGGAGCAGTACGG 

CGTCGCCCGCNGGAGAGAACCATTTTA 


>gi 1 85838227 1 gb | DQ359741.1 1 Macrophomina phaseolina isolate KB-5 internal 
transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete 


sequence; and internal transcribed spacer 2, partial sequence. 
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gccgcggtcttccgcggccgccccccgattttggggggtggctagtgcccgccagag 

GACTATCAAACTCCAGTCAGTAAACGTTGCAGTCTGAAAAAAATATTAAATAAACTA 

AAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGC 

GATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTG 

CGCCCCTTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTC 

tgcttggtattgggcaccgtcctttgcgggcgcgcctcaaagacctcggcggtggcg 

TCTTGCCTCAAGCGTAGTAGAATACACCTCGCTTCGGAGCGTAAGGCGTCGCCCGCC 

GGACGAACCTTCTGAACTTTTCTCAAGG 

>gi 1 85838228 | gb | DQ359742.1 1 Macrophomina phaseolina isolate KB-6 internal 
transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete 
sequence; and internal transcribed spacer 2, partial sequence. 


TCCCACCCGTTTGTATACCTACCTCTGTTGCTTTGGCGGGCCGCGGTCTTCCGCGGCC 

GCCCCCCGATTTTGGGGGGTGGCTAGTGCCCGCCAGAGGACTATCAAACTCGAGTCA 

GTAAACGTTGCAGTCTGAAAAAAATATTAAATAAACTAAAACTTTCAACAACGGATC 

TCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGC 

AGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGG 

GGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCACCG 

TCCTTTGCGGGCGCGCCTCAAAGACCTCGGCGGTGGCGTCTTGCCTCAAGCGTAGTA 

GAATACACCTCGCTTCGGAGCGTAAGGCGTCGCCCGCCGGACGAACCTTCTGAACTT 

TTCTCAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAAT 

AAGGGAAGGAA 

>gi 1 85838229 1 gb | DQ359743.1 1 Macrophomina phaseolina isolate KB-7 internal 
transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete 
sequence; and internal transcribed spacer 2, partial sequence. 

TCCCACCCTTTGTATACCTACCTCTGTTGCTTTGGCGGGCCGCGGTCTTCCGCGGCCG 

CCCCCCGATTTTGGGGGGTGGCTAGTGCCCGCCAGAGGACTATCAAACTCCAGTCAG 

TAAACGTTGCAGTCTGAAAAAAATATTAAATAAACTAAAACTTTCAACAACGGATCT 

CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCA 

GAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGG 

GGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCACCGT 

CCTTTGCGGGCGCGCCTCAAAGACCTCGGCGGTGGCGTCTTGCCTCAAGCGTAGTAG 

AATACACCTCGCTTCGGAGCGTAAGGCGTCGCCCGCCGGACGAACCTTCTGAACTTT 

TCTCAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATA 

AGGGGAGGAA 

>gi 1 85838230 1 gb I DQ359744.1 1 Macrophomina phaseolina isolate KB-8 internal 
transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene, complete 
sequence; and internal transcribed spacer 2, partial sequence. 

TCCCACCCTTTGTATACCTACCTCTGTTGCTTTGGCGGGCCGCGGTCTTCCGCGGCCG 

CCCCCCGATTTTGGGGGGTGGCTAGTGCCCGCCAGAGGACTATCAAACTCCAGTCAG 

TAAACGTTGCAGTCTGAAAAAAATATTAAATAAACTAAAACTTTCAACAACGGATCT 

CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCA 

GAATTCAGTGAATCATCGAATCTTTGAACGCAGATTGCGCCCCTTGGTATTCCGGGG 
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ggcatgcctgttcgagcgtcatttcaaccctcaagctctgcttggtattgggcaccgt 

CCTTTGCGGGCGCGCCTCAAAGACCTCGGCGGTGGCGTCTTGCCTCAAGCGTAGTAG 

AATACACCTCGCTTCGGAGCGTAAGGCGTCGCCCGCCGGACGAACCTTCTGAACTTT 

tctcaaggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaata 

aggggaggaa 

II. 4. Designing and testing of oligonucleotide primers and probe 

Sequence comparison of ITS region encompassing ITS-1, 5.8S rRNA gene 
and ITS-2 of M. phaseolina and other related fungal species revealed three regions 
that were conserved among the M. phaseolina isolates. The complete sequence 
was virtually divided into five regions from ITS-1 to ITS-2 (Fig. 4. 5). The region 4 
that showed variability among the aligned sequences of M. phaseolina isolates 
was not considered for further analysis. The 5.8S RNA gene sequence was also 
excluded from the analysis. 


Table 4.3 Species specific oligonucliotides designed 


SI. No 

Primers 

Sequence 

1 

MPKFI 

5'-CCG CCA CAC CAC TAT CAA AC-3' 

2 

MPKRI 

5'-CCT CCC AAC CCA CCT CTA TT-3' 

3 

MPKHl 

5'-CCT CTC CTT CCT ATT CCC C-3' 


After editing and rearrangement of aligned sequences and comparison with 
the sequences of closely related genera of fimgi, region 1 and 5 were selected for 
the development of species-specific primers for M. phaseolina. Two primers 
MpKFI and MpKRI were designed from the specific nucleotide areas and one 
oligonucleotide probe MpKHl (Table 4.3) was designed from the conserved 
region, adjacent to 5.8S gene showed in the region 3 (Fig. 4. 5). 

The designed primers yielded single amplified product of 350 bp with all the 
M. phaseolina isolates. The specificity of the primers was tested on representative 
species of common soil-borne fungi, bacteria and actinomycetes (Table 4.4). The 
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primer pair was found to be specific for M. phaseolina as none of the other 
iiucrobes yielded amplified products under the identical conditions of 
amplification as described earlier (Fig. 4. 6). 

Table 4.4 Different groups of microorganisms used for the testing of specific 
oligonucleotide primers and probe. 


SI. No. 

Microbial culture 

NBAIM 
Acc. No. 

1 

Fusarium oxysporum 

F486 

2 

Fusarium udum 

F919 

3 

Fusarium moliniformae 

F291 

4 

Neurospora crassa 

F1425 

5 

Alternaria alternata 

F143 

6 

Alternaria hrassicicola 

F076 

7 

Trichoderma viride 

F1316 

8 

Aspergillus niger 

F583 

9 

Aspergillus oryzea 

F374 

10 

Chaetomium globosum 

F444 

11 

Trametes lactinea 

F1852 

12 

Pencillium brevicompactum 

F1496 

13 

Verticillium lecanii 

F2102 

14 

Phytophthora cambivora 

F1648 

15 

Rhizopus oryzae 

F1747 

16 

Beauveria bassiana 

F298 

17 

Sclerotium rolfsii 

F1766 

18 

Rhizoctonia solani 

F1723 

19 

Metarhizium anisopliae 

F1311 

20 

Phialophora calciformis 

1093* 

21 

Psuedomonas putida 

B231 

22 

Psuedomonas fluorescence 

B223 

23 

Bacillus subtilis 

B082 

24 

Arthrobacter citreus 


25 

Arthrobacter spp. 


26 

Streptomyces spp. 



Microorganisms. India. 

Detectable hybridization signal was obtained with an oligonucleotide probe 
at 1 pmol mL-i concentration; pre-hybridization, hybridization and washmg steps 
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Fig. 4.7 Dot blot hybridization: a). Hybridization of oligonucleotide probe 
MpKHl with different concentrations of rDNA amplified product from two 
different strains of M. phaseolina. b). Hybridization of oligonucleotide probe 
MpKHl with rDNA amplified products from representative strains of 
different microbial groups. Lane representing A1 and A2 are positive 
controls, A3 to D7 are test microbes listed in the Table 4.4. 











Table 4.5 Clustering of isolates based on SSCP banding pattern 


Sl.No 

SSCP banding type 

List of isolates 



1 

Type I 

mpk2, 

mpk3, 

mpk5, 

mpk7. 



mpk8, 

mpk9, 

mpklO, 

mpkl 1, 



mpkl2, 

mpkl 3, 

mpkl 4, 

mpkl 5, 



mpkl6, 

mpkl 7, 

mpkl 8, 

mpkl 9, 



mpk20, 

mpk21, 

mpk22, 

mpk22, 



mpk23, 

mpk24, 

mpk25, 

mpk26. 



mpk27, 

mpk28, 

mpk29, 

mpkSO, 



mpkSl, 

mpk32, 

mpk33, 

mpk34. 



mpk35, 

mpk36 and mpk37. 


2 

Type II 

mpkl and mpk4. 



3 

Type III 

mpk6, 

mpk38, 

mpk39, 

mpk40, 



mpk41, 

mpk42, 

mpk43. 

mpk44. 



mpk45, 

mpk46, 

mpk47, 

mpk48, 



mpk49 and mpkSO. 




III, Molecular characterization and genomic fingerprinting by RAPD-PCR 

In order to study the genetic relationships between the 50 isolates and to 
obtain a robust dendrogram, we used thirteen 10-mer arbitrary primers from 
Operon kit and three other random primers. Name and sequence of primers, 
total number of amplified bands and number of polymorphic bands and 
percentage of polymorphic bands of each primer was mentioned in the table 4.6. 
The dendrogram obtained using SM, DICE and J coefficients showed the same 
structure and the same cluster. Therefore, we have only presented the results 
obtained with the J coefficient. 

Each of the thirteen RAPD 10-mer primers produced banding patterns 
ranging from 250 bp to 3.5 Kb. Primers which were showing no significant 
correlation and produced similar type of results was listed in the table 4.6, and 
was not discussed further. 
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f India showing major Agro-Climatic zones. Details of M. 
Una isolates were given in the Table. 4.7. Samples were not 
jd jfrom the regions Trans Himalayas and Desert. 


Primer 

Sequence (5' to 3') 

TNB 

NPB 

P% 

OPA-15 

TTCCGAACCC 

08 

5 

62.5 

OPA-11 

CAATCGCCGT 

15 

12 

80 

OPB-08 

GTGAGCTAGG 

18 

15 

83.4 

OPV-17 

GACCGCTTGT 

12 

10 

83.3 

OPA-10 

GTGATCGCAG 

4 

4 

100 

OPC-10 

TGTCTGGGTG 

06 

4 

66.7 

OPB-06 

TGCTCTGCCC 

10 

4 

40 

OPB-07 

GGTGACGCAG 

14 

12 

85.7 

OPD-11 

AGCGCCATTG . 

07 

5 

71.4 

OPB-17 

AGGGAACGAG 

12 

12 

100 

OPA-09 

GGGTAACGCC 

11 

9 

81.8 

OPE-01 

ACCGCGAAGG 

12 

10 

83.3 

Oligo-09 

GTGATCGCA 

17 

15 


The total munber of bands (TNB), number of polymorphic bands 
(NPB) and percentage of polymorphic bands (P %) obtained with 
each primer. 


III. 1. Genetic diversity obtained by OPB-08 primer 

Essentially the banding pattern produced by the OPB-8 ranged between 100 
bp to 3 kb (Fig. 4.9 A and B) and the UPGMA clustering produced a dendrogram 
that separated the 50 isolates in to 10 groups at 30% similarity level (Fig. 4.11). 
The ten clusters correlated well with the geographical locations with exceptions 
for isolates obtained from Eastern and Western Ghats. All the isolates based on 
cluster analysis were listed in table (4.7). There was a segregation of isolates from 
these two geographical locations in to two clusters thus, distributing 10 
genotypes in to eight geographical locations in India (Fig. 4.10). In each group, 
isolates shared 50 to 100% similarity among themselves. With in each 
geographical cluster (G.C), however no correlation was obtained with regards to 
biological origin, for example isolates obtained from sorghum (mpk39), chickpea 
(mpk3) and corn (mpk 8) from Indo-Gangetic Plains (G.C II) showed 100 ^ 
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Fig. 4.11 UPGMA-SAHN clustering dendrogram: Constructed by 
the data obtained from the primer OPB-8 in RAPD assay of 50 M 
phaseolina isolates labeled as mpkl to mpk 50. Geographical clusters I 
to X genetic sub groups are representing ten geographic clusters. Scale 
in the dendrogram shows the genetic similarity coefficient 




similarity among themselves. Similarly, all isolates from Semi arid zone (G.C III) 
produced similar banding patterns even though they were from sorghum, 
chickpea, pea, soybean and mung bean. Conversely, the isolates obtained from 
the same host like chickpea from Indo-Gangetic Plains did not showed 100% 
similarity among themselves. All the isolates of M. phaseolina irrespective of their 
host and geographical origin, exhibited two representative monomorphic bands 
at 250 bp and 1 kb (Fig. 4. 9 A and B). 


Table 4.7 Geographical region wise list of M. phaseolina isolates 


Name 

Geographical origin 

Biological origin 

Code no 

Gangetic plain 

Varanasi, Uttar Pradesh 

Sorghum 

mpk45 


Varanasi, Uttar Pradesh 

Sorghum 

mpk6 


Ballia, Uttar Pradesh 

Sorghum 

mpk39 


Varanasi, Uttar Pradesh 

Chickpea 

mpk 5 


Varanasi, Uttar Pradesh 

Chickpea 

mpkll 


Varanasi, Uttar Pradesh 

Chickpea 

mpk48 


Varanasi, Uttar Pradesh 

Chickpea 

mpk38 


Mau, Uttar Pradesh 

Chickpea 

mpk40 


Ballia, Uttar Pradesh 

Chickpea 

mpk3 


Varanasi, Uttar Pradesh 

French bean 

mpk32 


Uttar Pradesh 

Corn 

mpk43 


Ballia, Uttar Pradesh 

Soybean 

mpk9 


Varanasi, Uttar Pradesh 

Soybean 

mpk35 


Jhansi, Uttar Pradesh 

Sou 

mpk36 


Uttar Pradesh 

Soybean 

mpk37 


Mau, Uttar Pradesh 

Com 

mpk8 


Varanasi, Uttar Pradesh 

Sunflower 

mpk49 


Jhansi, Uttar Pradesh 

Com 

mpkSO 


Jhansi, Uttar Pradesh 

Soybean 

mpk7 


Varanasi, Uttar Pradesh 

Pea 

mpkl4 


Mau, Uttar Pradesh 

SoU 

mpkl2 


Uttar Pradesh 

N.A 

mpkl3 

Semi Arid 

Delhi 

Sorghtim 

mpk21 


Delhi 

Chickpea 

mpk23 


Delhi 

Pea 

mpk25 


Delhi 

Soybean 

mpkl9 


Guiarat __ 

Sorghum 

mpkl6 

j — — 

..i 







Rajasthan 

Sorghum 

mpk44 


Delhi 

Mung bean 

mpklS 

Central High lands 

Madhya Pradesh 

Soil 

mpk26 


Madhya Pradesh 

Soybean 

mpk27 



N.A 

mpk29 


Madhya Pradesh 

Ground nut 

mpk30 

Daccan Plateau 

Maharashtra 

Sorghum 

mpk4 


Karnataka 

Chickpea 

mpkl7 


Andhra pradesh 

Soybean 

mpk24 


Gulberga, Karnataka 

Sorghum 

mpk41 

NorthEast 

Jorhat, Assam 

Sorghum 

mpk20 


Jorhat, Assam 

Chickpea 

mpk33 

Eastern Ghats 

Andhra Pradesh 

Sorghum 

mpk42 

a 

Andhra Pradesh 

Com 

mpk46 


Chenni 

Soybean 

mpk47 

b 

Chermai 

Corn 

mpk22 


Tamil Nadu 

N.A 

mpk28 

Western Ghats 

Karnataka 

Com 

mpkl5 

a 

Solapur, Maharashtra 

Sorghum 

mpk31 


Karnataka 

Soybean 

mpk34 

b 

Kerala 

Soil 

mpklO 

Western Himalayas 

Himachal Pradesh 

Potato 

mpkl 


Himachal Pradesh 

Potato 

mpk2 


III. 2. Genetic diversity obtained by BOXAIR primer 

The primer BOXAIR produced clear/ reproducible amplification pattern 
under the optimized PCR conditions, with a band range, 150 bp to 3.5 kb. A total 
of 14 polymorphic bands were scored (Fig- 4.12 A and B), and analyzed with 
UPGMA clustering using NTSYS. A dendrogram was constructed with a 
similarity index and genetic distance among the isolates. The dendrogram 
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sharing more than 70% genetic similarity coefficient were grouped all isolates 
into six major genotype clusters. In each cluster, isolates sharing 100% similarity 
coefficient were considered the same haplotype. Therefore, group I to VI were 
constituted by 7, 5, 3, 1, 5 and 4 haplotypes respectively (Fig. 4.13). Further; one 
isolate has been selected from 100% similar genotypes as per UPGMA analysis of 
BOXAIR primer for CPC analysis, the three-dimensional common principle 
coordinates analysis (CPCA) showing grouping of M. phaseolina isolates in to 6 
genotypes (I to VI) (Fig. 4.14). 

III. 3. Genetic diversity obtained by Oligo-9 primer 

Twenty two isolates of M. phaseolina collected from Indogangetic region 
were subjected for genetic diversity by using 10-mer Oligo-09 random primer. 
The finger printing patterns were distinct from each other with a band range, 300 
bp to 2.5 kb. A total of 14 polymorphic bands were scored (Fig. 4. 15), and 
analyzed with UPGMA clustering using NTSYS. A dendrogram was constructed 
with a similarity index and genetic distance among tihe isolates (Fig. 4.16). 

III. 4. Genetic diversity obtained by URP 9F primer 

Twenty-five isolates collected from three hosts such as sorghum (mpk4, 6, 16, 
20, 21, 31, 39, 41, 42and 44), chickpea (mpk3, 5, 11, 23, 33, 38, 40 and 48) and 
soybean (mpk7, 9, 24, 27, 34, 35 and 36). DNA was amplified using the URPs 
(URP-9F and URP-PIF). The finger printing pattern by URP-9F produced band 
range, 320 bp tol.5 kb. A total of 15 polymorphic bands were scored (Fig. 4.17). 
URP-PIF was failed to produce distinct banding pattern. Dendrogram was 
constructed with the data obtained from URP-9F primer. UPGMA clustering 
analysis did not reveal any host-pathogen correlation (Fig. 4.18). 
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ig. 4.16 Dendrogram showing: 22 isolates of « f f “ 
om Indo-Gangetic region of India As reveled by SAHN from UPGM , 
ased on RAPD data obtained by Oligo-9 primer. 
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DISCUSSION 


I. Morphological characterization and identification of M. 
phaseoUna 


II. Molecular characterization and identification of M. phaseoUna 


DISCUSSION 



I. Morphological characterization and identification of M. phaseolina 

The most challenging problem before the scientists and growers is to 
characterize, detect and identify different isolates of M. phaseolina. Until now, the 
characterization and identification of M. phaseolina is usually based on 
morphological criteria, though the morphological differences in M. phaseolina are 
minor with virtually no differences in sclerotial morphology but pathogenic 
isolates can be distinguished by differences in pathogenecity. Traditional 
detection from soil, seeds, diseased roots or the collar region is based on baiting 
techniques and culture on semi selective media (Cloud & Rupe, 1991). Root 
colonization can be monitored by estimating colony forming units per unit area 
of root, but this method is labor intensive, difficult to interpret, needs taxonomic 
expertise and requires at least 5-10 days. 


All the isolates of M. phaseolina are morphologically very similar showing 
black/off-black colony structure (Fig. 4.1A and B). Even the sclerotium, which is 
assumed to enable this pathogen to overcome and survive the stress condition 
for extended periods, had no significant differences among different isolates. 
Earlier workers presented the information related to the “sclerotial-form ' and 
"structure" by light microscopic studies (Reichert and Hellinger 1949; Townsend 
and Willetts 1954), and later on morphological characteristic of sclerotia was 
studied using electron microscope (Wyllie and Brown 1969). 


Pathogenecity and pycnidium formation was different in all the isolates. 
Isolates originating from corn (family Poaceae) were least pathogenic as 
compared to that of other hosts (Table 4.1). The common pathogenecity of 
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isolates from soils implies that all propagules of M. phaseolina in the soil of an 
area must be considered potentially pathogenic to any crop planted. However, 
the variation among isolates in the pathogenecity experiment also implies that a 
soil population of Ad. phcis6olifiu has a potentially wide range of pathogenecity 
phenotypes. What then are the possibilities of assessing the risk of yield 
reduction induced by charcoal rot when selecting a particular crop for planting 
in the field? Clearly the simple enumeration of pathogen propagules is 
unsatisfactory, as all propagules may not represent a single pathogenecity 
phenotype. Thus, there is an urgent need for a technique to rapidly evaluate the 
pathogenic potential of a large number of isolates. 

Pycnidium formation was less in most of the pathogenic isolates. No 
relation was observed between the pathogenecity and pycnidium formation in 
various isolate. Test substratum was more significant determinate M. phaseolina 
for pycnidium production (Table 4.1). 

Overall in this study, various morphological and cultural criteria were used 
to differentiate and characterize M. phaseolina isolates. However, it was difficult 
to differentiate isolates as: (i) all the isolates showed black-off-black colony 
structure, (ii) no significant difference in pathogenecity and pycnidium 
formation of M. phaseolina isolates were also observed. It was observed that 
morphological and cultural techniques were very tedious and time taking, 
particularly, if they lack reproductive structures. Even when structures of 
asexual reproductions are present, isolate may exhibit a typical, an intermediate, 
variable or no diagnostic morphological characteristic, which makes definite 
identification difficult. 
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II. Molecular characterization and identification of M. phaseolina 

DNA sequencing and PCR fingerprinting are applied as common tools for 
phylogenetic studies (Kuhls et al. 1996; Kullnig-Gradinger et al. 2002; Meyer et al. 
1992). DNA methods have brought additional valuable criteria to the taxonomy 
of plant pathogenic fungi (Hermosa et al. 2001; Liibeck et al. 2000) and 
phylogenetic classification (Kullnig-Gradinger et al. 2002; Lieckfeldt and Seifert 
2000). Very few genetic studies have been made in the genus Macrophomina. The 
earlier preliminary work was mainly concerned with the characterization of 
different isolates, and efforts to recognize subgroups within the genus. Till to- 
date, no final taxonomic decision about the phylogenetic groupings have been 
made in the case of M. phaseolina, even though available molecular data strongly 
indicate that many sub-groups do represent in several isolates (Vandemark et al. 
2000; Pecina et flZ. 2000). 


The differentiation and characterization of M. phaseolina isolates belonging 
to different hosts plants on the basis of morphological and biochemical assay 
techniques was very tedious, time consuming and not very accurate. Therefore, 
this study was aimed towards developing rapid and accurate molecular tools to 
discriminate between isolates of different host plants. The various PCR based 
methods used in this study to generate fingerprint data from the various isolates 
using ITS region of rDNA, and application of well characterized random short 
sequences such as RAPD, and BOXAIR were evaluated. 

Both the ITS and the IGS regions have been used to develop species- 
specific primers for plant pathogen detection in vitro and in plant material {e.g. 
Moukhamedov et al. 1993; Bridge and Arora 1998). It is becoming increasingly 
common in rRNA cluster studies to obtain sequences of all of the regions of 








interest. Although knowledge of the complete sequences provides a large 
amount of information, useful information may be obtained from simple 
restriction digestions of rRNA amplification products. The rDNA sequence 
analyses, including internal transcribed sequences (ITS), have been used for 
taxonomic studies of many fungi (Kuhls et al 1997; Gams and Meyer 1998; 
Hermosa et al 2000; Lieckfeldt et al 1999). In contrast to ITS, fewer studies have 
been made using IGS region for genetic characterization. Arora et al (1996) used 
RFLPs derived from the IGS, located between the rRNA gene clusters, to 
determine variability within the species 1/. chlamxjdosporium, and also other 
closely related species. Studies on the IGS region for the characterization of 
different fungi were also undertaken by Appel and Gordon (1995), Kim et al 
(1992), Morton et al (1995). There are also reports that non-transcribed sequences 
like IGS, allowed discrimination at intra-specific level between different strains 
of Laccaria species (Hemrion et al 1992) and Fusarium oxysporum ( Edel et al 
1995). 


In the present study ITS region has been targeted to study variability 
among the isolates of a single species and also to develop species-specific probes 
and primers (Edel et al 2000; Gardes and Brims 1993; S. Oh et al 2003). ITS-RFLP 
analysis of M. phaseolim isolates collected from diverse geographical locations 
revealed little variability within the species. The restriction endonucleases 
employed either produced identical patterns or had multiple cleavage sites 
giving small fragments that were difficult to analyze on agarose gel and also lack 
reproducibility (Lovic et al 1995; Schmidt and Moreth 1999). In addition, 
restriction enzymes like Apa I, Hind III and Sac I did not exhibited any cleavage 
site in the amplified ITS fragment of M. phaseolina. Similar results have been 
reported by other workers (Arora et al 1996; Su et al 2001). In a recent study 
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soinG degTGG of polymorphism in restriction patterns of the ITS region, including 
part of 25S rDNA have been reported in M. phaseolina (Purkayastha et al. 2006). 
Since, ITS-RFLP could not detect variations within different isolates in our study; 
we resorted to sequencing of eight isolates coUected from different hosts and 
diverse ecological conditions. Alignment of these sequences along with two 
sequences from the GenBank revealed various conserved and variable regions in 
the ITS sequences of M. phaseolina (Fig. 4.5). For the better understanding of these 
regions, the amplified ITS sequence was virtually divided into five regions. 
Region 4 (not shown in the Fig. 4.5) was deleted as it contained sequences that 
showed variations among the isolates of M. phaseolina. Further, sequence 
alignment with other closely related genera of soil borne fungi helped us to 
identify two regions that were conserved among tire isolates of M. phaseolina but 
exhibited a high degree of variability among isolates of other genera. Similar 
approach has been used earlier to specifically detect F. oxysporum on the basis of 
sequence variation in 28S rRNA gene (Edel et al. 2000). The two primers designed 
from these selected regions of ITS showed specificity in the PCR assays. 
Optimization of the PCR conditions and vaUdation of primers yielded a specific 
amplicon of 350 bp for M. phaseolina isolates (Fig. 4.6). The absence of 350 bp 
product in other species of soil borne fungi, bacteria and actinomycetes 
confirmed that the primers can be selectively utilized to identify M. phaseolina. 
The probe was also shown to be specific for M. phaseolina and no signals were 
obtained with non-specific target ITS sequences. This is the first report on 
development of specific primers and probe for the identification and detection of 
M. phaseolina in vitro conditions. 


The genetic characterization of prevailing plant pathogenic M. phaseolina is 
of importance for the effective disease management. One of the oldest and most 
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I widely used PCR method is Random amplified polymorphic DNA (RAPD) 

analysis (Welsh and McClelland 1990; Williams et al 1990). Essentially RAPD 
I analysis relies on the reduction in specificity of the PCR process at reduced 

temperatures. Total genome DNA extractions are used, and these are amplified 
with single, short (usually decamer) primers at a reduced annealing temperature. 
These conditions result in less stringent binding of the primer to the target DNA, 
and allow fiie amplification of a number of generally small regions of DNA. In 
many cases these studies have shown correlations between band patterns and 
host, disease type or geographical origin. Band patterns were also used to 
differentiate between forms of the same fimgus causing different disease 
symptoms (Pei et al. 1997). 


Single-strand conformation polymorphism (SSCP) analysis is a powerful 
tool, which can detect single base mutations or variations (Orita et al. 1989; Rubio 
et al. 1996; Kong et al. 2000; Sambrook and Russell 2001). A protocol for SSCP 
analysis of ribosomal DNA for species separation witiiin the genus Phijtophthora 
was reported recently (Kong et al. 2003). This study provides additional evidence 
that SSCP analysis is a powerful tool for detection of nucleotide variations. The 
different SSCP patterns were obtained for isolates of M. phaseolina that are 
morphologically similar. Three different types of banding pattern indicate the 
5.8S rDNA may be because of single nucleotide polymorphism at more than one 
position. 

In the present study, examination of a large number of M. phaseolina isolates 
were studied for genetic diversity, host specificity and geographical origin by 
using molecular markers indicating significant genetic diversity among the 
isolates coUected from 8 major agro cUmatic zones in India. Various studies 
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devoted to the genetic, geo-diversity and pathogenic variability of M. ■phaseolina 
collected from Mexico and other countries, has found clear differentiation 
(Vendemark et al. 2000; Mayek-perez et al. 2001; Pecina-Quintero et al. 2001; Su et 
al. 2001). Jana et al (2003) developed taxonomic marker for population studies by 
using a single RAPD primer that distinguishes isolates of M. phaseolina from 
soybean, sesame, grotmd nut, chickpea, cotton, common bean and 13 other hosts. 
Among the Indian population there are no reports available on correlation 
between the genotype and geographical or biological origin. Recently, sorghum 
isolates of Indian origin were distinguished based on chlorate sensitivity (Das et 
al. 2007). Significant variations among the pathotypes obtained from different 
continents have also been reported (Reyes-Franco et al. 2006). 


RAPD analysis has been useful tool for detecting inter-specific genetic 
variation in M. phaseolina population in different countries (Fuhlbohm 1997; Su et 
al. 2001; Alvaro et al: 2003). Using the tool it was observed to have considerable 
variation among the M. phaseolina isolates obtained from different geographical 
locations and hosts. Although very less genetic variation among the Indian 
isolates from sorghum have been reported by Das et al. (2007). Purkayastha et al 
(2006) has fotmd some degree of genetic diversity and pathogenic variability 
among the Indian isolates with the help of ITS-RFLP and RAPD. Fiowever, the 
presence of two monomorphic bands among tiie isolates irrespective of 
geographical or biological origin indicates genetic similarity among the isolates. 
In absence of sexual reproduction in M. phaseolina genetic variability could occur 
by slow recombinant process like fusion of cells or parasexual recombination 
(Carlile, 1986). The presence of two monomorphic bands suggests that isolates 
might have evolved from a common ancestor but due to geographical isolation 
followed by natural selection and genetic drift might have segregated in to 
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subpopulations. Thus the clustering of genotypes in to geographical clusters is an 
indication of adaptation of isolates over the years to particular location. 


? Thus RAPD-PCR could be a useful tool for rapid typing of isolates of M. 

phaseolina. By using these motif primers, plant pathologists may be able to 
identify heterogeneity within die subgroups of isolates that originated from the 
same locations/ host plants, indicating that specificity of identification can be 

( achieved by using RAPD fingerprinting. Another common PCR fingerprinting 
method that has been used for plant pathogenic fungi is amplification of 
E sequences based on simple repetitive primers (Versalovic et al. 1998). In this 

I method, single short repetitive primers are used at moderate armealing 

I ' 

I temperatures in order to amplify largely repetitive fragments of the genome. In 

this study, repetitive elements that are highly conserved in fungal as well as in 

; 

bacterial kingdom such, BOXAIR sequences were also present in M. phaseolina. 
The distribution of these elements was variable among M. phaseolina isolates, 
I which allowed the differentiation of the isolates. Both BOXAIR and M13 mini- 

I satellite PCR techniques produced reproducible results, especially with purified 

s genomic DNfA as a template, when the primer concentration and composition of 

[ buffer were strictly controlled. The dendrogram constructed by BOXAIR-PCR 

' fingerprinting (Fig. 4.12A and B), that clearly divided all the M. phaseolina in to 

six major groups with 70% similarity. 

Therefore, this technique is useful for rapid and routine genetic diversity 
analysis from large number of isolates representing similar phenotypic 
characteristics. Further, the UPGMA dendrogram and two-dimensional CPCA 
^ ^ of M13 mini-satellite primer and URP-9F did not revealed any 
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differentiation among the host-specific isolates from soybean, chickpea and 
sorghum (Fig. 4.20). At this point, it is important to mention that host 
specialization with M. phaseolim was first described by Pearson et al (1986) 
isolates from one specific host are more suited to colonize. Later, 
Could & Rupe (1991) working with isolates of soybean and sorghum, also 
observed differences in pathogenecity. Su et al (2001) grouped isolates of 
soybean, sorghum and cotton based on their host origin. 


The objective of this research was to propose a simple procedure for the 
characterization and identification of isolates belonging to different hosts and 
diverse agro climatic regions. DNA polymorphic patterns, in general, indicate 
that M. phaseolina isolates are closely related but they can be differentiated 
genetically. The RAPD, BOXAIR, and M13 polymorphism supports the concept 
that M. phaseolina isolates are genetically different. The isolates of M. phaseolina 
clearly showed that the isolates belonging to chickpea exhibited maximum 
dissimilarity with other isolates. The fingerprinting patterns, obtained by using 
these motif gene sequences are simple alternatives to ITS-RFLP determination, 
where a large number of endonucleases are used to obtain polymorphic patterns. 
We have compared the general utility of ITS, RAPD, BOXAIR and M13 primers 
in differentiating the isolates of M. phaseolina which enabled grouping of closely 
related strains with simple banding patterns. However, in contrast to ITS, the 
random motif primers generated complex patterns which were often difficult to 
analyze and thereby to quantify variations between isolates. As observed by 
other workers (Edel et al. 1995), this study also revealed prominent and faint 
bands in BOXAIR and M13-PCR, which were not always amplified to the same 
extent. However, prominent bands were found to be reproducible and 
consistently present, and provided a sufficient level of discrimination within the 
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closely related strains. Thus, using the five different primer sets instead of just 
one, gave a broader picture of the diversity and similarity among M. pluiseolinci 
isolates. The technique is ideal for a large number of species, populations or 
pathotypes that need to be discriminated without knowledge of DNA sequences. 
For plant pathological and epidemiological studies, the accurate taxonomical 
grouping is a key factor for the identification of M. phaseolina isolates, which will 
lead to the understanding of their genetic biodiversity in the natural 
environment. 

In conclusion, characterization, detection and identification of M. pliaseolina 
based on the visual examination of morphology is highly selective, and isolate- 
specific identification of this fungus is difficult. Molecular techniques present 
several advantages over the traditional ones. As these techniques do not rely on 
phenotypic examination, gene expression is not required and identification time 
can be reduced significantly. As noted in this study, the molecular markers can 
be derived from both variable and conserved regions of the nuclear and rDNA, 
and some of these could be used to define populations at all levels from an 
individual isolate. Further, in this study we developed species-specific 
olegonucleotide primers and probe for identification and detection of M. 
phaseolina. The speed, accuracy, and reliability of detection methods were greatly 
enhanced by optimizing the DNA extraction protocols; or by using internal 
standard DNA in the PCR reaction. These markers could be useful to study the 


epidemiology of these important plant pathogenic fungi in field conditions, 
which in turn, may lead to develop better disease control strategies. The 
hybridization techniques were used for direct detection of fungi, although novel 
developments in this field, including the application of DNA probes and 

microarray techniques are encouraging. 
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Detection of fungal pathogens, such as M. phaseolina, which cause diseases to 
400 economically important plants, is still a time-consuming method particularly 
in the case of large-scale testing. The increasing availability of RT-PCR based 
molecular kits for the detection is a step toward standardization of the molecular 
techniques. The development of diagnostic kits would be a step ahead for the 
authorization as one of the accepted technique for quarantine and plant 
protection agencies. The work presented in this piece of research is just a 
beginning. Much collaborative efforts are needed before a diagnostic kit for this 
important plant pathogen could be made available commercially. 
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SUMMARY 


Macrophomina phaseolim (Tassi) Goid. is one of the most important plant 
pathogenic fungi. It is primarily a soilborne pathogen with wide distribution 
range, varied host plants, greater longevity higher competitive saprophytic 
ability, and persists even imder diverse environmental conditions. As a roof/ soil 
inhabitant, the fungus is widespread in warmer areas, invades immature, 
damaged or senescent tissues of the root/stem cortex. Plants are generally 
attacked at seedling/ flowering stages when conditions are hot and dry. M. 
phaseolina causes many important diseases like damping-off, seedling blight, 
collar rot, stem rot, charcoal rot and root rot in various economically important 
crop plants. The fxmgus belongs to subdivision Duteromycotina, class 
! Coelomycetes. This genus has only one species. The biggest challenge before the 

plant pathologists is to detect/ identify different isolates of M. phaseolina, which 
; appears morphologically very similar. Until now, the characterization and 

identification of isolates of M. phaseolina is usually based on morphological 
criteria. In general, there is a great need for the development of direct 
identification and detection methods for this soilborne pathogenic fungus. The 
main aim is to develop a rapid, sensitive, robust, and specific method that can be 
used directly on diseased plants is of profoxmd importance for the plant 
pathologists. This will enable intervention with appropriate measures to prevent 
serious economic losses. The hybridization techniques have only been used for 
direct detection of fungi, although novel developments in this field, including the 
application of DNA probes and microarray techniques are encouragmg. 
AmpHfication-based methods are frequently applied for detection of pathogens. 

] Most PCR-based detection methods target part of the ribosomal RNA gene 


cluster, although RAPD markers are also widely used. For the detection of toxin 



producing fungi, the most direct procedure is targeting of the toxin biosynthetic 
genes. Such approaches have been used recently for the detection of a number of 
fungi-producing toxins such as ATs, patulin, PR toxin, and trichothecenes. The 
recent development of real-time PCR methodology has made it possible to 
quantify the amoxmt of organisms in infected plants. 



Morphological Characterization and Identification of M. phaseolina 

All isolates of M. phaseolina form black/ blackish-ash colour colony. The 
sclerotial shape in most cases was irregular, while in few cases they are long to 
elongate. Mycelium is usually septate hyaline at first, and later changed to black 
in colour. The isolates colonizing/ causing root rot/collar rot on beans, chickpea, 
corn and soybean were selected for the present study. The sclerotia obtained 
from the above host plants exhibited no apparent morphological differences. In 
this study, efforts were made to characterize the M. phaseolina isolates on the 
basis of pathogenecity, pycnidium formation and utilization of chlorate. The 
characterization of different isolates, on the basis of pathogenecity and 
pycnidium formation, was very difficult and confusing. Though our results 
showed that com isolates were least pathogenic as compared to pathogenic 
isolates of other hosts, the pycnidium formation did not show any relation with 
the pathogenecity. 

Overall in this study, various morphological and cultural criteria were used 
to differentiate and characterize M. phaseolina isolates. However, it was difficult 
to differentiate the isolates because: (i) all the isolates showed black/ off-black 
colony structure, (ii) the sclerotia also did not exhibit any significant difference 
between the isolates, and (iii) no significant difference in pathogenecity and 
pycnidium formation. It was noticed that morphological and cultural techniques 
were very tedious and time taking, particularly, if they lack reproductive 
structures as in the case of M. phaseolina. Even when structures of asexual 
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reproductions are present, isolate may exhibit a typical, an intermediate, variable 
or no diagnostic morphological characteristic, which makes definite 
identification difficult. Therefore, identification and characterization of M. 
phaseolina isolates based on morphological and cultural criteria is very tedious, 
confusing, time consuming and not very accurate. 



PCR- based identification, detection and characterization of M phaseolina 

Very few genetic studies have been made in the genus Macrophomina. DNA 
methods have brought additional valuable criteria to the taxonomy of plant 
pathogenic fungi; phylogenetic classification, DNA sequencing and PCR 
fingerprinting are applied as common tools for phylogenetic studies. To-date, no 
final taxonomic decisions about the phylogenetic grouping have been made in the 
case of M. phaseolina, even though some available molecular data strongly indicate 
that many sub-groups do represent in several isolates. To-date, genes involved in 
pathogenecity of M. phaseolina have not been sequenced and characterized, nor 
no gene expression analysis has been reported. In this study, PCR-based 
molecular methods were used for the detection characterization of different 
isolates. The rDNA region such as internal transcribed spacers (ITS) was targeted 
for identification and detection of various isolates of M. phaseolina. The ITS 
consists of two non-coding variable regions that are located within the rDNA 
repeats between the highly conserved small subxmit, the 5.8S subunit and the 
large subxmit rRNA genes. Other motif primers such as random amplified 
polymorphic DNA (RAPD), BOX repetitive sequences and M13 mini-satellite 
sequences were also used. The RAPD fingerprinting assay detects small inverted 
nucleotide sequence repeats throughout the genomic DNA. 

DNA amplification of M. phaseolina isolaies by using xmiversal primers ITSl 
and ITS4, which yielded a fragment of approximately 650 bp. The amplified 
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region was digested with ten different restriction enaymes. The restriction 
enzymes £coR I, Suu 3 A 1, Alu I and Clu I produced identical pattern for all the 
isolates. The enzymes Hap II, Msp I and Tacj 1 have multiple cleavage sites in ITS 
amplified product and produced fragments less than 100 bp in size. However, 
the enzymes Apa 1, Hind III and Sac I failed. 

Sequence comparison of ITS region encompassing ITS-1, 5.8S rRNA gene 
and ITS-2 of M. phaseolina and other related fungal species revealed three regions 
that were conserved among the M. phaseolina isolates. Two primers MpKFI and 
MpKRl were designed from the specific nucleotide areas and one oligonucleotide 
probe MpKHl (19-mer) was designed from the conserved region, adjacent to 5.8S 
gene showed in the region 3. The designed primers yielded single amplified 
product of 350 bp with all the M. phaseolina isolates. The specificity of the primers 
was tested on representative species of common soilbome fungi, bacteria and 
actinomycetes. The primer pair was found to be specific for M. phaseolina as none 
of the other microbes yielded amplified products under the identical conditions. 
Probe MpKHl selectively hybridized with strains of M. phaseolina, but failed to 
do so with the representative strains of different groups of soilbome microbes. 
The 5.8S rDNA region of M. phaseolina was amplified by specific primers; the 
resultant amplicon was subjected for SSCP analysis. It was foxmd be single 
nucleotide polymorphism at 5.8S region within M. phaseolina isolates. 


In the present study RAPD markers were used for the examination of a large 
sample of M. phaseolina isolates for genetic diversity, host specificity and 
geographical origin. Thirteen RAPD lO-mer primers, (OPA-15, OPA-11, OPA-10, 
OPB-08, OPV-17, OPC-10, OPB-07, OPB-06, OPD-11, OPB-17, OPE-01, Oligo-09 
and OPA-09), two URPs (URP-9F and URP-PIF), one rep-primer (BOXAIR) and 
one mini-satellite primer (M 13 ) were analyzed. Dendrogram were constructed 
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for the amplicons to different RAPD primers. Primer OPB-08 exhibited 18 
amplified bands (100 bp to 3 Kb), indicated the significant genetic diversity 
among the isolates collected from 8 major agro climatic zones in India. Results 
from RAPD analysis showed that M. phaseolina isolates were clearly 
differentiated from each other based on tiieir geographical origin, which suggest 
that the adaptation towards the geographical conditions has been developed up 
to certain extent. The dendrogram pattern, which clearly delineates sub- 
populations that can be explained in terms of adaptation of isolates to their hosts 
in that populations recovered from specific location, may be subjected to similar 
selection pressures. Similarly, the dendrogram obtained by single short repitative 
primer (BOXAIR), clearly divided all the M. phaseolina into six major groups with 
70% similarity. Therefore, tins technique can also be used for rapid and routine 
genetic diversity analysis from large number of isolates representing similar 
phenotypic characteristics. Further, the UPGMA dendrogram and two- 
dimensional CPCA analysis of M13 mini-satellite and UPGMA analysis of URP- 
9F primers did not revealed differentiation amongst the host-specific isolates 
from soybean, chickpea and sorghum. 

In conclusion, the RAPD polymorphism supports the concept that M. 
phaseolina isolates are genetically separated. The fingerprinting patterns, obtained 
by using these motif gene sequences are simple alternatives to ITS-RFLP 
determination where a large number of endonucleases are used to obtain 
polymorphic patterns. This can be an ideal technique for a large number of 
species, populations or pathotypes of M. pteseoZma belonging to different host 
plants that can be discriminated without any knowledge of DNA sequences. 

Thus, it is clear that characterization, detection and identification of M. 
phaseolina isolates on the basis of visual examination of morphology is highly 
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selective, and isolate-specific identification of this fungus is difficult. The 
biochemical and immunological techniques possesses many advantages, but 
have some serious limitations due to their specificity. These techniques are also 
tedious and time consuming. Molecular techniques present several advantages 
over the traditional ones. As these techniques do not rely on phenotypic 
examination, gene expression is not required and identification time can be 
reduced significantly. As noted in this study, the molecular markers can be 
derived from both variable and conserved regions of the nuclear and rDNA, and 
some of these could be used to define populations at all levels from an individual 
isolate upwards. 


Further, studies are needed to develop specific molecular markers for 
different M. phaseolina isolates, and primers developed from a variety of DNA 
sequences including specific regions such as genes coding for rRNA etc. These 
markers could be useful for the study of epidemiology of this important plant 
pathogenic fungus in field conditions, which in turn, may lead to the 
development of our imderstanding for better disease control strategies. 

Sensitivity of a molecular method depends not only on the detection system, 
but also to a great extent on the nature of fungi. In order to increase the 
sensitivity, adequate protocols for the different M. phaseolina isolates in situ 
conditions have been established i.e., speed, accuracy, and reliability of detection 
methods were greatly enhanced by optimizing the DNA extraction protocols, 
PCR and hybridization conditions. 


Detection of fungal pathogens, such as M. phaseolina/ which cause diseases to 
400 economically important plants, is still a time-consuming method particularly 
in the case of large-scale testing. The increasing availability of RT-PCR based 
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moleculai kits for the detection is a step toward standardization of the molecular 
techniques. The development of diagnostic kits would be a step ahead for the 
authorization as one of the accepted techniaue for aiiarariHnp arid ulanf- 


protection agencies, 


The work presented in this piece of research is just a beginning. Much 
collaborative efforts are needed before a diagnostic kit for this important plant 
pathogen could be made available commercially. 


Miivropk III II a pii us iu.fi i a a 







Bibliography 



BIBLIOGRAPHY 

Abbaiah, K., and Satayanarayan, A. (1990) Stem canker on black gram {Vigna mungo) 
in Andhra Pradesh. Indian Journal of Plant Protection 18: 136. 

Abbott, L.A., Bisby, F.A. and Rogers, D.J. (1985) Taxonomic Analysis in Biology. 

Columbia University Press, New York. 

Agarwal, D.K (1974). Ph. D. Thesis, Agra University, Agra, India. Pathological and 
physiological studies of some root injecting fungi. 

Ahmed, N., and Ahmed, Q.A. (1969) Physiologic specialization in Macropkomina 
phaseolina (Maubl.) Ashby, causing stem rot of jute, Corchorus species. 

Mycopathology Mycology. Appl. 39: 129-138. 

Ahmed, N.E., Sugimoto, Y., Babiker, A.G.T., Mohamed, O.E., Ma YongQing, 

Inanaga, S., Nakajima, H. (2001) Effects of Fusarium solani isolates and 
metabolites on Striga germination. Weed Science 49: 354-358. 

Alabouvette, C., and Marty, J.R., (1977) Influence des conditions cUmatiques et 
culturales sur Texpression de quelques maladies du Toumesol. Annual 
Phytopathology 9: 487-493. 

Alvaro, M.R.A., Ricardo, V.A., Carlos, A.A.A., Valdemar, P.C., David, S.J.F., Silvana, 

R.R.M., Luis, C.B., Mauro, C.P., Claudio, G.P.C., 2003. Genotypic diversity 
among Brazilian isolates of Macropkomina phaseolina revealed by RAPD. 

Fitopatologia Brasileira. 28, 279-285. 

Ammon, V.D., WyUie, T.D., and Brown, M.F. Jr. (1974) An ultrastructural 

I " 

investigation of pathological alteration induced by Macropkomina phaseolina | i 

(Tassi) Goid. In Glycine max (L.). Molecular and Physiological Plant Pathology 4: 

1-4 

' !' I, 

Ammon, V.D., Wyllie, T.D., and Brown, M.F. Jr. (1975) Investigation of the infection 

process of Macrophomina phaseolina on the surface of soybean roots using i 

scanning electron microscopy. MycopflfftoZogJfl 55: 77-81. 

Anonymous (1977) Department of plantpathology. Agricultural Research Station, 

Podal^m, ICAR. Annual report of sorghum pathology. 35 pip. 


Anonymous (1985) Sixteenth Annual Workshop: All India Coordinated Research 
Project on Soybean. Indian Council of Agricultural Research, New Delhi. 



Bibliography 


I 


Appel, D.J., and Gordon, T.R. (1995) Intraspecific variation within population of 
Fusarium oxyspomm based on RFLP analysis of the intergenic spacer regions 
of the rDNA. Experimental Mycology 19: 120-128. 

Arlorio M, Coisson JD, and Martelli A (1999). Identification of Saccharomyces cereinsiae 
in bakery products by PCR amplification of the ITS region of ribosomal DNA. 
Eur. Food Res. Technol. 209: 185-191. 

Arora, D.K., Hirsch, P .R. and Kerry, B.R. (1996) PCR-based molecular discrimination 
of Vertidllium chlamydosporium isolates. Mycological Research 100: 801-809. 

Arst, H.N., and Cove, D. J. (1969) Methylammonitun resistance in Aspergillus 
nidulans. Journal of Bacteriology 98: 1284-1293. 

Ashby, S.F. (1927) Macrophomina phaseoUna (Maubl.) Comb. Nov. The pycnidial stage 
of Rhizoctonia bataticola (Taub.). Butl. Trans. Br.Mycol. Soc. 12: 141-147. 

Assigbetse, K.B., Fernandez, D., Dubois, M.P. and Geiger, J.P. (1994) Differentiatm of 
Fusarium oxyspomm f. sp. vasinfectum races on cotton by random amplified 
polymorphic DNA (RAPD) analysis. Phytopathology 84: 622-626. 

Banerjee, S., Mukherjee, B., and Sen, C., (1982). Effect of temperature moisture 
interaction on the production of dormant propagules of Macrophomina 
phaseoUna (Tassi) Goid. In amended soil. Indian journal of Microbiology 22: 236- 
237. 


Baura, G., Szaro, T.M. and Bruns, T.D. {1992) Gatrosuillus laricinus is a repeat 
derivative of Suillus grevellei : molecular evidence. Mycologia 84: 592-597. 

Bayman, P., and Cotty, P.J. (1989) Vegitative compatibility groups in Aspergillus 
flavus. (Abstr.) Phytopathology 79: 1186. 

Bayman, P., and Cotty, P.J. (1993) Genetic diversity in Aspergi/Zus^TOS : association 
with aflatoxin production and morphology. Canadian Journal of Botany 71: 23- 
31. 

Bhattacharya, D., Basu, S., Chattopadhya, J.P. and Bose, S.K. (1985) Biocontrol of 
Macrophomina root-rot disease of jute by an antagonisitic organism Aspergillus 
vesicola. Plant and Soil 87:^35-438. 

Bhatti, M.A., and Kraft, J.M. (1992) Influence of soil moisture on root rot and wilt of 
chickpea. PZfliif Disease 76:1259-1262. 


“Genomic tlngerprinting imd dcvelopinent 


..Macrophomina phaseolmt ” 


97 


’ 1 ‘ 






Bibliography 


Bidochka, M.J., McDonald, M.A. St Leger, R.J. and Roberts, D.W. (1994) Diffentiation 
of species and strains of entomopathogenic fungi by random amplification of 
polymorphic DNA (RAPD). Current Genetics 25: 107-113. 

Borneman J and Hartin RJ (2000). PCR primers that amplify fungal rRNA genes from 
environmental samples. Appl Environ. Microbiol. 66 : 4356-4360 

Bowman, B.H., Taylor, J.W., Browilee, A.G., Lee, Lu, S. and White, T.J. (1992a) 
Molecular evolution of the fungi: relationship of basidiomyetes and 
chytridiomycetes. Molecular Biology and Evolution 9: 285-296. 

Bowman, B.H., Taylor, J.W. ad White, T.J. (1992b) Molecular evolution of the fungi: 
human pathogens. Molecular Biology and Evolution 9: 893-904. 

Boysen M.E., Jacobsson K.G. and Schnurer J. (2000). Molecular identification of 
species from the Penicillium roqueforti group associated with spoiled animal 
fed. Appl. Environ. Microbiol. 66: 1523-1526. 

Boysen, M., Bojra, M., del Moral C., Salzar, O. and Rubio, V. (1996) Identification at 
strain level of Rhizoctonia solani AG4 isolates by direct sequence of 
asymmetric PCR products f the ITS regions. Current Genetics 29: 174-181. 

Brandt M.E., Padhye A. A., Mayer L.W. and Holloway B.P. (1998). Utility of random 
amplified polymorphic DNA PCR and Taqman automated detection in 
molecular identification of Aspergillus fumigatus. ]. Clin. Microbiol. 36: 2057- 
2062. 

Bridge, P.D. (1992) Classification. In : Fry, J.C. (ed.) Biological Data Analysis : a Practical 
Approach, IRL Press, Oxford, pp. 219-242. 

Bridge, P.D. and Arora, D.K. (1998) Interpretation of PCR methods for species 
definition. Application of PCR in mycology. CAB International, pp.63-84. 

Bridge, P.D., Pearce, D.A., Rivera, A., and Rutherford, M.A. (1997 b) VNTR derived 
oligonucleotides as PCR primers for population studies in filamentous fungi. 
Letters in Applied Microbiology 24: 426-430. 

Bridge, P.D., Prior, C., Sagbohan, J., Lomer, C.J., Carey, M. and Buddie, A. (1997a) 
Molecular characterization of isolates of Metarhizium from locusts and 

grasshoppers. and CoMsemahon 6: 177-189. 

‘‘Genomic fingerprinting and development ............... 


Bibliography 


Bruns, T.D., Vilgalys, r.. Bams, S;M., Gonzalez, D., Hibbert, D.S., Lane, DJ., Simon, 
L, Stickel, S., Szaro, T.M., Weisburg, W.G. and Sogin, M.L. (1992). 
Evolutionary relationships within fungi: analysis of nuclear small subunit 
rRNA sequences. Molecular Phylogeny and Evolution 1, 231-241. 

Bnms, T.D., White T.J., and Taylor, J.W. (1991) Fungal molecular systematics. Anna 
Rev. Ecological Systems 22: 525-564. 

Buchko, J., and Klassen, G.R. (1990) Detection of length hetrogeneity in the ribosomal 
of Pythium ultimum by PCR amplification of the integenic region. 
Current Genetics 18: 203-205. 

Bunting, T.E., Plimely, K.A., Clarke , B.B and Hillman , B.I. (1996) Identification of 
Mgnaporthe poae by PCR and examination of its relationship to other fungi by 
analysis of their nuclear rDNA ITSl regions. Phytopathology 86:389-404. 

Burmester, A. and Wostemeyer, J. (1994) Variability in genome organization of the 
zygomycete Parasitella parasitica. Currewnt Genetics 26: 456-460. 


Buscot, F., Wipf, D., Di Battista, C., Munch, J.-C., Botton, B. and Martin, F. (1996) 
DNA polymorphism in morels: PCR-RELP analysis of the ribosomal DNA 
spacers and microsateUite-primed PCR. Mycological Research 100: 63-71. 

Byadgi, A.S., and Hegde, R.K. (1985) Variations among the isolates of Rhizoctonia 
bataticola from different host plants. Indian Phytopathology 38: 297-301. 

C.A.S. (1982) Macrophomina phaseolina. Casual organism of charcoal rot of soybean. I. 
Laboratory test for resistance. H. Implications of conidia in epidomology. III. 
Anti microbial activity of toxins. M.S.Thesis. Kansas State University, 
Manhattan, 59 pp. 

Cappa F. and CocconcelH PS (2001). Identification of fungi from dairy products by 
means of 18S rRNA analysis. Int. ]. Food Microbiol. 69: 157-160. 

Carbone, L, and Kohn, L.M. (1993) Ribosomal DNA sequence divergence within 
internal transcribed spacer 1 of the Sclerotiniaceae. Mycologia 85: 415-427. 

Chan, Y.H., and Sackston, W.E. (1973) Nonspecificity of necrosis inducing toxin of 
Scleroriumbataticola. Canadian Journal of Botany 51:690-692. 

Chandra, S., and Tandon, R.N. (1965) Occurrence of Macrophomina phaseoli (Mauhl) 

Ashby on garlic bulbs. CMTTgnf Sdence 34: 56-57. qq 


*Genoinic fingerprinting and tleveiopmenf 


..Macrophomina phaseolmu ” 


Bibliography 


Chandra, S., Kheri, H. S.and Maheshwari, S.(1995) Macrophomina dry root-rot of 
leguminous crops and its management through VAM pesticides. Detection of 
plant pathogens and their management (eds. J.P.Verma, Anupam Verma and D. 
Kumar) Angkor PubKshers Pvt.Ltd., New Delhi, pp. 357-364. 

Chattanaver, S.N., Adiver, S.S., Nargound,V.B., Rao, S.S. and Kulkami, S. (1988) 
Laboratory evaluation of fungicide against Rhizoctonia bataticola causing root 
rot of Casuarina. Current Research. 17,160-161. 

Chelkowski J., Bateman G.L., and Mirocha CHJ (1999). Identification of toxigenic 
Fusarium species using PCR assays. /. Phytcrpathol. 147: 307-311. 

Chen, W., Hoy, J.W. and Schneider, R.W. (1992) Species-Specific polymorphism in 
transcribed ribosomal DNA of five Pythium species. Experimental Mycology 16: 
22-34. 

Cloud GL, and Rupe JC, 1991.Comparison of three media for enumeration of 
sclerotia of Macrophomina phaseolina. Plant Disease 75, 771-771. 

Cocolin L., Heisey A. and Mills D.A. (2001). Direct identification of the indigenous 
yeasts in commercial wine fementations. Am. J. Enol. Viticult 52: 49-53. 

Correll, J.C., KHttich, C.J.R., and LesHe, J.F. (1987) Nitrate nonutilizing mutants of 
Fusarium oxysporum and their use in vegetative compatibility tests. 
Phytopathology 77: 1640-1666. 

Correll, J.C., Puhalla, J.E., and Schneider, R.W. (1986) Identification of Fusarium 
oxysporum i.sp.apii on the basis of colony size, virulence, and vegetative 
compatibility. Phytopathology 76: 396-400. 

Cove, D.J. (1979) Genetic studies of Nitrate assimilation in Aspargillus nidulans. 
Biological Review 54:291-327. 

Crall, J.M. (1948) Charcoal rot of soybean caused by Macrophomina phaseoli (Maubl.) 

Ashby. Ph.D. dissertation. University of Missouri, Columbia. 148 pp. 

Crowhurst, R.N., Hawthorne, B.T., Rikkerink, E.H. A. and Templeton, M.D. (1991) 
Differentiation of Fusarium solani I sp. Curcubitae races 1 and 2 by random 

amplification of polymorphic DNA. Cujrewf Genetics 20: 391-396. 

' ' ' ' . \ ■ .. . ■' . ■ 100 

“^Genotniic fingerprinting and devdopnieiit .......MacrophontiHa phaseoHnu 



Bibliography 


Das IK, Fakrudin B and Arora DK, 2006. RAPD cluster analysis and chlorate 
sensitivity of some Indian isolates Macrophomina phaseolina from sorghum and 

their relationships with pathogenicity. Microbiol jRes. Jan 27. 

Das, N.D. (1988) Effect of different sources of carbon, nitrogen and temperature on 
growth and sclerotial production of Macrophomina phaseolina (Tassi) Goid, 
causing root rot/ charcoal rot disease of castor. Indian Journal of Plant Pathology 
6: 97-98. 

Das, N.D. and Sankar, G.R.M. (1990) Effect of root rot disease caused by 
Macrophomina phaseolina Tassi (Goid). Of castor {Ricinus comunis) by statistical 
modeling of cultural practices of carbendazim applications. Indian Journal of 
Mycology and Plant Pathology 20: 234-240. 

Dhingra, O.D., and Sinclair, J.B. (1972), Variation among isolates of Macrophomina 
phaseoli (Rhizoctonia bataticola) from the same soybean plant. (Abstt.). 
Phytopathology 62: (suppl.) S1408. 

Dhingra, O.D., and Sinclair, J.B. (1973a) Location of Macrophomina phaseoli on soybean 
plants related to culture characteristics and vimlence. Phytopathology 63: 934- 
936. 

Dhingra, O.D., and Sinclair, J.B. (1973b) Variation among isolates of Macrophomina 
phaseolina {Rhizoctonia bataticola) from different regions. Phytopathology. Z. 76: 


200-204. 

Dhingra, O.D., and Sinclair, J.B. (1974) Isolation and partial purification of a toxin 
horn Macrophomina phaseolina. Phytopathology Z. 80: 35-4i0. 

Dhingra, O.D., and Sinclair, J.B. (1975) Survival of Macrophomina phaseolina sclerotia 
in sod: effects of sod moisture, carbon: nitrogen ratios, carbon sources, and 
rutrogen concentrations. Phytopathology 65: 236-240. 

Dhingra, O.D., and Sinclair, J.B. (1978) Biology and pathology of Macrophomina 
phaseolina. Viscosa, Brazil: Universidade Federal de Viscosa. 141p. 

Dobrowolski, M.P. and O'Brien, P.A. (1993) Use of RAPD-PCR to isolate a species 
sped&c DN A -probe fox phytophora cinnamomi. FEMS Microbiology Letters 113: 

43-48. 


101 


t1rig€r|?rinii«g and clevelopfneiit 


Maemplummu phmesima 









Bibliography 

Duncans, S., Barton, J.E. and O'Brien, P.A. (1993) Analysis of variation in isolates of 
Rhizoctonk solani by random amplified polymorphic DNA assay. Mycohgkal 
Research 97; 1075-1082. 

Echavez-Badel, R., and Perdomo, A. (1991) Charecterization and comparative study 
of two Macrophomina phaseolina isohtes from Puerto Rico. J.Agric. Univ. P.R. 
15: 419-421. 

Edel V, Steinberg C, Gautheron N and Alabouvette C, 2000 Ribosomal DNA-targeted 
oligonucleotide probe and PCR assay specific for Fusarium oxysporum. 
Mycological Research 104:, 518-526. 

Edel, V., Steinberg, C., Avelange, I., Laguerre, G. and Alabouvette, C. (1995) 
Comparison of three molecular methods for characterization of Fusarium 
oxysporum strains. Phytopathology 85: 579-585. 

Edel, V., Steinberg, C., Goutheron, N. and Alabouvette, C. (1996) Differentiation of 
Fusarium species by restriction fragment length polymorphism analysis of 
PCR-amphfied ribosomal DNA. First International Fusarium Biocontrol 
Workship. BeltsviUe Agriaxltural Research Center, USA, p. 21. 

Edmunds, L.K. (1964) Combined relation of plant maturity, temperature, and soil 
moisture to charcoal stalk rot development in grain sorghum. Phytopathology 
54:514-517. 

Francl, L.J., Wyllie, T.D., and Rosenbrock, S.M. (1988) Influence of crop rotation on 
population density of Macrophomina phaseolina m soil infested with Heterodera 
glycines. Plant Diseases 72: 760-764. 

Fujimori, F. and Okuda, T. (1994) Application of the random amplified polymorphic 
DNA using the polymerase chain reaction for efficient elimination of 
duplicate strains in microbial screening. I. Fungi. Journal of Antibiotics (Tokyo) 
47:173-182. 

Fuhlbohm, M., 1997. Genotypic diversity among Austrialian isolates oi Macrophomina 
phaseolina. XX Biennial Australian Plant Pathology Society Conference. 
Lincoln University, New Zeland [P.52]. 

Gardes,M and Bruns, T.D . ( 1991 ) Rapid characterization of ectomycorrhizae usinf 
RBtP pattern ot tkeii PCR ampMed -4IIS. Mycological Society Newsletter 41:41. 

‘tienofliic fingerprinting and cieveiopmein 


Bibliography 


Gaudet, J., JuHen, Lafay, J.F. and Brygoo, Y. (1989) Phylogeny of some Fusarium 
species, as determined by large subunits rRNA sequence comparison. 
Molecular Biologij and Evolution 6: 227-242. 

Gams, W. and Meyer, W. (1998). What exactly is Trichoderma Imrzianum Rifai? 
Mycologia 90: 904-915. 

Gangopadhaya, G., Wyllie, T.D. and Teague, W.R. (1982) Effect of bulk density and 
moisture content of soil on the survival of Macrophomina plmseolina. Plant and 
Soil 68: 241-247. 

Gangopadhaya, S., Agarwal,D.K., Sarbhoy, A.K.and Wadhi, S.R. (1973). Charcoal rot 
disease of soybean in India. Indian Phytopath. 26: 730-732. 

Gardes, M. and Bruns, T.D. (1991) Rapid characterization of ectomycorrhizae using 
RELP pattern of their PCR amplified - ITS. Mycological Society Nexvsletter 41: 
14. 

Gardes, M. and Bruns, T.D. (1993) ITS primers with enhanced specificity for 
basidiomycetes application to the identification of mycorrhizae and rusts. 
Molecular Ecology 2: 113-llS. 

Garg, R. P. and Chauhan, R. P. S. (1981) Occurrence of Macrophomirm phaseolina in 
onion bulbs. Indian Phytopath 34: 501-502. 

Garret, S.D. (1956) Biology of root infecting fungi. Cambridge University Press, 
Cambridge 293 pp. 

Geisen R. (1998). PCr methods for the detection of mycotoxinproducing fungi. In ; 
Bridge PD. Arora D.K. Reddy CA, Elander RP eds. Applications of PCR in 
Mycology. Walhngford : CAB International. Pp 243-266. 

Gilman, J.C. (1967) A Manual of soil fungi. Oxford and IBS Publishing Company, New 
Delhi (Indian Edition). 

Godainch (1947) Differential responses of Guayuk (Parthinium arginatum gray) 
genotypes to sulture fintrate and toxin from Macrophomina phaseolina 
(Tassi) Goid. Kuti. Jo; Schading, r.L., Latigo, G.C., Bradfold , J.M. 
Phytopathologisete Zeitschrift. 145 (7): 305-311. 

Gordee, R.S., and Potter, C.L. (1961) Structure, germination, and physiology of 

microsclerotia of Vertidlliutn albo-atrum. Mycologia 53: 171-182. 

“Getiomie fingerprinting and developtnent MacTOphomina phaseoUtia 


103 


Bibliography 

Grimm C and Geisen R. (1998). A PCR - ELBA for the detection of potential 
fumonisin producing Fusarium species. Lett. Appl Microbiol 26: 456-462. 

Gutiirie, P.A.I., Magill, C.W., Frederiksen, R.A. and Odvordy, G.N. (1992) Random 
amplified polymorphic DNA markers: a system for identifying and 
differentiating isolates of Colletotrichum graminkola. Phytopathology 82: 832- 



Hadrys, H./ Balick, M., and Scheiwater, B. (1992) Applications of random amplified 
polymorphic DNA (RAPD) in molecular ecology. Molecular Ecology 1: 55-63. 

Hawksworth, D.L., Kirk, P.M., Sutton, B.C. and Pegler, D.N. (1995) Ainsworth and 
Bisby's Dictionary of the Fungi, 8th edn. CAB International, Wallingford. 

Hendolin P.H., Paulin, L., Koukila-Kahkola P. Anttila V-J, Malmberg H., Richardson 
M. and Ylikoski J (2000). Panfungal PCR and multiplex liquid hydridization 
for detection of fungi in tissue specimens. /. Gin. Microbiol 38: 4186-4192. 

Henrion, B., Le Tacon, F., and Martin, F. (1992) Rapid identification of genetic 
variation of ectomycorrhizal fungi by amplification of ribosomal RNA genes. 
New Phytopathology 122: 2S2-298. 

Hermosa M.R., Grondona, I., Iturriaga, E.A., Diaz-Minguez, J.M., Castro, C., Monte, 
E., and Garcia- Acha, I. (2000). Molecular characterization and identification of 
biocontrol isolates of Trichoderma spp. Appl Environ. Microbiol 66: 1890-1898. 

Hermosa, M.R., Grondona, L, Diaz-Minguez, J.M., Iturriaga, E.A., and Monte, E. 
(2001). Development of a strain-specific SCAR marker for the detection of 
Trichoderma atroviride 11, a biological control agent against soilbome fungal 
plant pathogens. Cwrr. Genet 38: 343-350. 

Hibbett, D.S. (1992) Ribosomal RNA and fungal systematics. Trans Mycological Society 
Japan 33: 533-556. 

FfiUis, D.M. (1987) Molecular versus morphological approaches to systematics. 
Annual Rev. Ecological Systems 18: 23-A2. 

Hyakttmachi, M., Mushika, T., Ogiso, Y., Toda, T, Kageyama, K and Tsuge, T. (1998) 
Characterization of a new cultural type LP of Rhizoctoniu solutii AG2- 2 isolated 

^^Geriomk tlrigerprinthig snid *♦*4.*^*^**..** 




Bibliography 

from warm season turfgrasses, and its genetic differentiation from other 
cultural types. Plant Pathology (in Press). 

Ibeas, J.I. (1997). Detection of Dekkera-Brettanomyces strains in sherry by a nested 
PCR method. Appl Environ. Microbiol 62: 998-1003. 

International, U.K. 272 pp. Schuster, E., Dunn-Coleman, N., Frisvad J.C., and van 
Dijck, P.W.M. (2002) On the safety of Aspergillus niger - a review . Applied 
Microbiology and Biotechnology 59: 426-435. 

Irina S Druzhinina, Alexei G Kopchinskiy, Monika Komon, John Bissett, George 
Szakacs, Christian P Kubicek, 2005. An oligonucleotide barcode for species 
identification in Trichoderma and Hypocrea. Fungal Genetics and Biology 42, 813- 
828. 

Jabaji - Hare, S.H., MeUer, Y., Gill, S. and Charest, P.M. (1990) Investigation of 
genetic relatedness among anastomosis groups of Rhizoctonia solani using 
cloned DNA probes. Canadian Journal of Plant Pathology 12: 393-404. 

Jain, N.K., Khare, M.N. and Sharma, H.C. (1973) Variation among isolates of 
Sclerotium bataticola from urid plant parts and soil. I. In pathogenicty, 
morphology, and growth pattern. Mysore Journal of Agricultural Science 7: 411- 


Jana T, Sharma TR and Singh NK, 2005b. SSR based detection of genetic variability in 
the charcoal root rot pathogen Macrophominba phaseolina. Mycol Res, Jan; 109: 
81-86. 

Jana TK, Singh NK, Koundal KR and Sharma TR, 2005a. Genetic differentiation of 
charcoal rot pathogen, Macrophomina phaseolina, in to specific groups using 
URP-PCR. Can /MzcroHol, Feb; 51(2):159-164. 

Jhooty, J.S. and Bains, S.S.(1972) Evaluation of different systemic and non-systemic 
fungicides for the control of damping off of moong ( Phaseolus aureus) caused 
hy R.solani. Indian Phytopath. 25: 509-512. 

Joye, G.F., and Paul, R.N. (1992) Histology of infection of Hydnlla verticilkta hy 
Macrophomina phaseolina. Weed Science 40(2): 288-295. 



‘GetMunic tliigerprintirigand ticvviopment 


...Macrophomina phaseolina ’ 


Bibliography 



Jtidelson, H.S., Spielman, L.J. and Shattock, R.C. (1995) Genetic mapping and non- 
MendeUan segregation of mating type loci in the oomycete, Phytophthora 
injestans. Genetics 141: 503-512. 

Kageyama, K., Ohyama, A. and Hyalcumach, M. (1997) Detection of Pythium ultimum 
using polymerase chian reaction with species-specific primers. Plant Disease 
81:1155-1160. 


Kanematsu, S. and Naito, S. (1995) Genetic characterization of Rhizoctonia solani AG 
2-3 by analysig restriction fragment length polymorphism of nuclear 
ribosomal DNA internal transcribed spacers. Annals of the Phytopathological 
Society of Japan 61: 18-21. 


Kaur, N.P., and Mukhopadhyay, A.N. (1992) Integrated control of chickpea wilt 
complex by Trichodenm and chemical methods in India. Tropical Pest 
Management 38: 372-375. 


Khan, A.L., Fakir, G.A., and Thirumalchar, M.J. (1976) Comparative pathogenicity of 
two strains of Macrophomina phaseolina from sesame. Bangladesh Journal of 
Botany 5: 77-81. 

Kim, D.H., Martyn, R.D., and MagiU, C.W. (1992) Mitochondrial DNA (mtDNA) 
Relatedness among formae speciales of Fusarium oxysporum in Cucerbitaceae. 
Phytopathology 83: 91-97. 

Kong, P., Rubio, L., Polek, M.L. and Falk, B.W. (2000) Population structure and 
genetic diversity within California citrus tristeza virus (CTV) isolates. Virus 
Gene 21, 139-145. 

Kong, P., Hong, C.X., Richardson, P.A. and Gallegly, M.E. (2003) Single-strand 
conformation-polymorphism of ribosomal DNA for rapid species 
differentiation in genus Phytophthora. Fungal Genetics and Biology 39, 238- 


Knox - Davies, P.S. (1967) Mitosis and aneuploidy in the vegetative hyphae of 
Macrophomina phaseolina. Am. J. Bot. 54: 1290-1295. 

Kuhls, K, Lieckfeldt, E., Samuels, G.J., Kovacs, W., Meyer, W., Petrini, O., Gams, W., 
Bomer, T., and Kubicek, C.P. (1996). Molecular evidence that the asexual 


Macrophomina phaseolina 


Genomic fingerprinting and development 


Bibliography 


industrial fungus Trichoderma reesei is a clonal derivative of the ascomycete 
Hypocrea jecorina. Proc. Natl Acad. Sci. USA 93: 7755-7760. 

Kuhls, K., Lieckfeldt, E., Samuels, G.J., Meyer, W., Kubicek, C.P., and Bomer, T. 
(1997). Revision of Trichoderma section Longibrachiatum including related 
teleomorphs based on an analysis of ribosomal DNA internal transcribed 
spacer sequences. Mycologia 89: 442-460. 

Kullnig-Gradiner, C.M., Szakacs, G., and Kubicek, C.P. (2002). Phylogeny and 
evolution of the genus Trichoderma: multigene approach. Myco.l Res. 106: 757- 
767. 

Kumeda, Y. and Asao, T. (1996). Single-strand conformation polymorphism analysis 
of PCR-amplified ribosomal DNA internal transcribed spacers to differentiate 
species of Aspergillus sectin Flavi. Appl Environ. Microbiol 62: 2947-2952. 

Kumeda, Y., and Asao, T., (2001). Heteroduplex panel analysis, a novel method for 
genetic identification of Aspergillus section Flavi strains. Appl Environ. 
Microbiol 67: 4084-4090. 

Lanfranco, L., Wyss, P., Marzachi, C. and Bonfante, P. (1993) DNA probes for the 
identification of the ectomycorrhizal fungus Tuber magnatum Pico. FEMS 
Microbiology Letters 114: 245-251. 

Lanfranco, L., Wyss, P., Marzachi, C., and Bonfante, P. (1995) Generation of RAPD- 
PCR primers for the identification of isolates of Glomus mosseae, an arbuscular 
mycorrhizal fungus. Molecular Ecology 4: 61-68. 

Larkin, R.P., Hopkins, D.L. and Martin, F.N. (1988) Differentiation of strains and 
pathogenic races of Fusarium oxysporum F.sp. niveum based on vegetative 
compatibility. (Abstr.) Phytopathology 78: 1542. 

Lee SB, White TJ, Taylor JW, 1993. Detection of Phytophthora species of 
oligonucleotide hybridization to amplified ribosomal DNA spacers. 
Phytopathology 83, 177-181. 

Lee, S.B. and Taylor, J.W. (1992) Phylogeny of five fugus-like protectistan 
Phytophthora species, inferred from the mtemal transcribed spacers of 
ribosomal DNA. AloMcr Biology and FwlMfwn 9: 636-653. 

“Cienooiie fingerpriBtifig and (ieveloptnent ..Macrophomma phaseoltna 







Bibliography 


nn, 1 .t., Li, u. and Lasker, B.A. (1992) Genotypic identification and 
characterization of species and strains within the genus Candida by using 

random amplified polymorphic DNA. Journal of Clinic Microbiologif 30: 3249- 
3254. 


Levy, M., Romao, J., Marchetti, M.A. and Hamer, J.E. (1991) DNA with 
repeated sequence resolves pathotype diversity in the rice blast 
Plant Cell 3: 95-105. 


Li, K.N., Rouse, D.I. and German, T.L. (1994) PCR primers that allow integeneric 
differentiation of ascomycetes and their application to Verticillium spp. 
Applied and Environmental Microbiology 60: 4324-4331. 

Lieckfeldt, E. and Seifert, KA. (2000). An evaluation of the use of ITS sequences in 
the taxonomy of the Hypocreales. Stud. Mycol. 45:35-44. 

Lieckfeldt, E., Samuels, G.J., Nirenberg, H.I., and Petrini, O. (1999). A morphological 
and molecular perspective of Trichoderma viride: is it one or two species. Appl. 
Environ. Microbiol. 65: 2418-2428. 


Liu, Z.L., Domier, L.L. and Sinclair, J.B. (1995) Polymorphism of genes coding for 
nuclear 18S rRNA indicates genetic distinctness of anastomosis group 10 from 
other groups in Rhizoctonia species complex. Applied and Environmental 
Microbiology 61: 2659-266A. 

Lobuglio, K.F., Pitt, J.I. and Taylor, J.W. (1993) Phylogenetic analysis of two 
ribosomal DNA regioiis indicates multiple independent losses of a sexual 
Talaromyces state among asexual Penidllium species in subgenus Biverticillium. 
Mycologia 85: 592-604. 

Loftier, J., Henke N., Hebart H., Scidt, D., Hagmeyer L., Schumacher U. and Einsele 
H. (2000). Quantification of fungal DNA by using fluorescence resonance 
energy transfer and the Light Cycler system /. Clin. Microbiol. 38 : 586-590. 

Lovic BR, Martyn RD and Miller ME, 1995. Sequence analysis of the ITS regions of 
rDNA in Monosporascus spp. reveals its potential for PCR-mediated detection. 
Phytopathology 85, 655-661. 


Macraphomim phaaeolma 


Genomic fingerprinting and {ieveiopment 


Bibliography 


Slili 






Liibeck, M., Poulsen, S.K., Liibeck, RS., Jensen, D.F., and Thrane, U. (2000). 
Identification of Trichockrma strains from building materials by ITSl 
ribotyping, UP-PCR fingerprinting and UP-PCR cross hybridization. FEMS 
Microbiol Lett 185: 129-134. 


Maurer, P., Couteandier, Y., Girard, P.A., Bridge, P.D., and Riba, G. (1997) Genetic 
diversity of Beuuveria bassiana (Bals.) Vuill. And relatedness to host insect 
range. Mycological Research 101: 159-164. 


Makimura K, Murayama S.Y. and Yamaguchi H. (1994). Detection of a wide range of 
medically important fungi by the polymerase chain reaction. /. Med. Microbiol 
40:358-364. 


Mandal, R., Sinha, M.K., Ray, M.K.G., Mishra, C.B.P., and Chakrabarty, N.K. (1998) 
Variation in Macrophomina phaseolina (Tassi) Gold causing stem rot of jute. 
Environment and Ecology 16: 424-426. 

Manulis, S., Kogan, N., Reuven, M. and Ben-Yephet, Y. (1994) Use of RAPD 
technique for identification of Fusarium oxysporum f. sp. dianthi from 
carnation. Phytopathlogy 84: 98-101. 

Marzluf, G.A. (1981) Regulation of nitrogen metabolism and gene expression in 
ftmgi. Microbiological review 45: 437-461. 

Mayek-P6rez, N., Ldpez-Castaheda, C., Gonz^les-Chavira, M., Garcia-Espenosa, R., 
Acosta-Gallegos, Martinez de Vega, O. and Simpson, J. 2001. Variability of 
Mexican isolates of Macrophomina phaseolina based on pathogenesis and AFLP 
genotype. Physiol. Molec. Plant Pathol. 59, 257-264. 

Mendes, H.G., Ribeiro, I.J.A., Qa, E., and Abrahao, J. (1971) Estiolamento do 
algodoeiro, causado por Macrophomina phaseoli (Maubl.) Ashby, Bragantia, 30: 
43-48. 

Meyer, Z. (2002). Detection of moulds in foods and feeds. Ph.D. Thesis, St. Stephen 

University, Budapest, Hungary (in Hungarian). 

Meyer, Q. A., Sinclair, J.B. and Khare, M.N. (1973) Biology of Macrophomina phaseoli in 
soil studied with selective media. Phytopathology 63: 613-620. 


109 


“Genomic fingerprinting and ticvclopmenf . 


.Macrophomina phaseolina ’ 










tfep 


-1 


Hi 



Bibliography 

Meyer, W., Morawetz, R., Borner, T. and Kubicek, C.P. (1992) The use of DNA 
fingerprint analysis in the classification of some species of the Trichodemm 
aggregate. Current Genetics 21: 27-30. 

Meyer, W.A., Sinclair, J.B. and Khare, M.N. (1974) Factors affecting charcoal rot of 
soybean seedlings. Phytopathology 64: 845-849. 

Mihail, J.D. (1992) In Methods for research on soilbome phytopathogenic fungi. 
Edited by L.L.Singleton, J.D.Mihail and C.M.Rush. pp. 134-136. 

Mihail, J.D., and Taylor, S.J. (1995) interpreting variability among isolates of 
Macrophomina phaseolina in pathogenicity, pycnidium production and chlorate 
utilization. Canadian Journal of Botany 10: 1596-1603. 

Mihail, J.D., Yotuig, D.J., and Alcorn, S.M. (1988) Macrophomina phaseolina: a plant 
pathogen of concern in arid lands. InArid-hands: Today and Tomorroio (eds 
Whitehead, E.E., Hutchin, C.F., Timmerman, B.N., and Varady, R.G.), 1305- 
1310. West View Press, USA. 

Molina, F.I., Jong, S. and Huffman, J.L.(1993). PCR amplification of the 3 external 
transcribed and intergenic spacers of the ribosomal DNA repeat unit in three 
speices of Saccharomyces. FEMS Microbiology Letters 108, 259-264. 

Morace G. Sanguinetti M., Posteraro B., Lo Cascio G. and Fadda G (1997). 
Identification of various medically important Candida species in clinical 
specimens by PCR-restriction enzyme analysis. /. Clin. Microbiol. 35: 667-672. 

Morton, A., Carder, J.H., and Barbara, D.J, (1995) Sequences of the mtemal 
transcribed spacers of the ribosomal RNA genes and relationships between 
isolates of Verticillium albo-atrum and V. dahliae. Plant Pathology 44: 183-190. 

Moukhamedov, R.S., Hu, X., Nazar, R.N. and Robb, J. (1993) Use of PCR-amplified 
ribosomal intergenic sequences for the diagnosis of Verticillium tricopus. 
Phytopathology (submitted). 

Mukherjee, P.K. (1993) Biological control of collar rot, dry root rot wilt and gray 
mold of chickpea. Patencheru A.P. (India) 36 pp. 

Murfflo, I., CavaUarin, L. and San Segundo B. (1998). The development of a rapid 
PCR assay for the detection of Fusarium moniliforme. Eur. J. Plant Pathol. 104: 


301-311. 


'^Geriomk fliigerprifitirig nmd clevelopmeiit . 







' ‘ - r '''AafrM 


Bibliography 



Nazar, R.N., Hu, X., Schmidt, J., culham, D. and Robb, J. (1991) Potential use of PCR- 
amplified ribosomal intergenic sequences in the detection and differentiation 
of Vertialhum wilt pathogens. Physiological and Molecular Plant Pathology 39: 


Nei, M. and Li, W.H. (1979) Mathematical model for studying genetic variation in 
terms of restriction endonucleases. Proceedings of the National Academy of 
Sciences USA 76: 5269-5273. 

Nicholson, P., and Rezanoor, H.N. (1994) The use of random amplified polymorphic 
DNA to identify pathotype and detect variation in Pseudocercosporella 
herpotrichoidesMycological Research 98: 13-21. 

Nicholson, P., Less, A.K., Maurrn, N., Parry, D.W. and Rezanoor, H.N. (1996). 
Development of a PCR assay to identify and quantify Microdochium nivale 
var. nivale and Microdochium nivak var. majus in wheat. Phys. Mol. Plant Pathol. 
48:257-271. 


Nicholson, P., Simpson D.R., Weston, G., Rezanoor H.N., Less A.K., Parry D.W. and 
Joyee D. (1998). Detection and quantification of Fusarium culmorum and 
Fusarium graminearum in cereals using PCR assays. Phys. Mol. Plant Pathol. 53: 


Noble, M. and Richardson M.J. (1968) An annotated list of seed-borne diseases. 
Phytopathology Rap. 8: 191. 

Norton, D.C. (1953)Linear growth of Sclerotium bataticaola through soil. 
Phytopathology 43: 633-636. 

Norton, D.C. (1954) Antagonism in soil between Macrophomina phaseolina and 
selected soil inhabiting organisms. Phytopathology 44: 522-524. 

O'Donnel, K.L. (1992) Ribosomal DNA internal transcribed spacers are highly 
divergent in the phytopathogenic ascomycetes Fusarium samhucinum 
(Gibberella pulicaris). Current Genetics 22: 213-220. 

Olicio, R., Almeida CAS, and Seuanez H.N. (1999). A rapid method for detecting and 
distinguishing clinicaUy important yeasts by heteroduplex mobility assays 
(HMAs). Mol. Cell Probes 13: 251-255. 


Miicmpimmim phmeoiimi 


‘Gmumk. fmgerprmtmgBnd development 


Bibliography 


Orita, M., Iwahana, H., Kanazawa, H., Hayashi, K. and Sekiya, T.(1989) Detection of 
polymorphism of human DNA by gel electrophoresis as single-strand 
conformation polymorphisms. Proceedings of National Academy of Sciences 
of the United States of America 86, 2766-2770. 

Osunlaja, S.D. (1990) Tillage effects on incidence and severity of root and stalk rot 
caused by Macrophomina phaseolina in South West Nigeria. Journal of 
Phytopathology 130: 312-316. 

Parameswarappa , R,; Kajjari, N.B.; Patil, C.S.P.;Thinuniaah, H.C and Bettsur, S.R 
(1976) Charcoalrot incidence recorded at Regional Research Station, Charwar 
(Karnataka) during Kharif,1975. Sorghum news 19:37 

Pateman, J.A., and Kinghom, J.R. (1976) Nitrogen assimilation. Pages 159-237 in: The 
filamentous fungi. Vol.2. J.E. Smith and D.R.Berry, eds. John Wiley and sons. 
New York 520 pp. 

Payak, M.M. and Sharma, R.C. (1978) PL480 Final Technical Report (April 1969-March 
1975). ICAR, New Delhi, pp. 60-68. 

Pearson, C.A.S., Leslie, J.E., and Schweak, E.W. (1986) Variable chlorate resistance in 
Macrophomina phaseolina from com, soybean and soU. Phytopathology 76: 646- 
649. 

Pearson , C.A.S. (1982) Macrophomina phaseolina . Casual organism of charcoal rot of 
soybean . I. Laboratory test for resistance . II. Implications of conidia in 
epidomology . 111. Anti microbial activity of toxins. M.S. thesis . Kansas State 
University , Manhattan, 59 pp. 

Pearson CAS, Leslie JE, Schweak EW. (1987). Host preference co-related with 
chlorate resistance in Macrophomina phaseolina. Plant Disease. 71, 828-831. 

Pearson, C.A.S., Leslie, J.E., and Schweak, E.W. (1987 a) Host preference co-related 
with chlorate resistance in Macrophomina phaseolina. Plant Disease 71: 828-831. 

Pearson, C.A.S., LesHe, J.E., and Schweak, E.W. (1987 b) Nitrogen source utilization 
by chlorate-resistant and chlorate-sensitive isolate of Macrophomina 
phaseolina. Trans. Br. Mycol. Soc. 88: 497-502. 

Pecina, V., Alvarado, M.de.J., Alanis, H.W., Almaraz, R.de la.T. and Vandemark, G.J. 
(2000) Detection of double stranded RNA in Macrophomina phaseolina. 

Mycologia 92 (5): 900-907. 

“Genomic fiiigei-printingand developinent * Macrophomina phaseotim” 


Bibliography 


Pedersen, L.H., Skouboe, P. Boysen M, Soule J. and Rossen, L. (1997). Detection of 
Penicillium species in complex food sample using the polymerase chain 
reactino. Int J. Food Microbiol. 35: 169-177. 

Pederson, G.A., Pratt, R.G., and Brink, G.E. (2000) Response to leaf inoculations with 
Macrophomina phaseoUna in white clover. Crop Science 40: 687-692. 

Peterson S.W. (2000). Phylogenetic relationships in Aspergillus based on rDNA 
sequence analysis In : Samson R.A., Pitt J1 eds. Integration of Modern 
Taxonomic Methods for Aspergillus and Penidllum Classification. Amsterdam : 
Harwood Academic Publ. pp. 323-355. 

Petrak,F. (1923) Kykologische Notizen. VI. Anals Mycologicity 21: 314-315. 

PoloneUi, L., Morace, G. (1989) Serological potential for fungal identification. Bof. }. 
Linnean. Soc. 99: 33-38. 

Poupard, P . Simonet, P., CareHer, N. and Bardin, R. (1993) Molecular characterization 
of Pseudocercosporella herpotrichoides isolates by amplification of ribosomal 
DNA internal transcribed spacers. Plant Pathology 42: 873-881. 

Pxm, K.B., Sabitha, Doraiswamy and Valluvaparidasan, V. (1998) Studies on seed- 
bome nature of Macrophomina phaseoUna in okra. Plant Disease Research 13: 162- 
164. 

Punithalingam, E. (1982) Conidiation and appendage formation in Macrophomina 
phaseoUna (Tassi) Goid. Nova Hedwigia 36: 249-290. 

Purkayastha S, Kaur B, Dilbaghi N, Chaudhary A, 2006. Characterization of 
Macrophomina phaseoUna, the charcoal rot pathogen of cluster bean, using 
conventional techniques and PCR-based molecular markers. Plant Pathology 
55,106-116. 

Reichert, I., and Hellinger, E. (1947) On the occurrence, morphology and parasitism 
of Sclerotium bataticola. Palest. J. Bot. 6: 107-147. 

Reichert, L, and Hellinger, E. (1949) On the occurrence, morphology, and parasitism 
of Sclerotium bataticola. Palestinan Journal of Bot. Rehovat. 6: 107-147. 

Reyes-Franco, M. C., Hemandez-Delgado, S., Beas-Femandez, R. Medina-Femandez, 
M. Simpson, J. and Mayek-P6rez, N. 2006. Pathogenic and genetic variability 
within Macrophomina phaseoUna from Mexico and other countries. J. 
Phytopathol. 154, 447-453. 


‘‘Getiomic fittgerpritUing and developineBt 


.Macrophominu phmeoUna” 


Bibliography 


Rigo K., Varga J. Toth B. Mesterhazy A. and Kozakiewicz, Z. {2001). Phylogenetic 
analysis of Aspergillus section F/act based on sequences of the internal 

transcribed spacer regions and the 5.8 S rRNA gene. / Gen. Appl.: 1-2. in press. 

Rholf F. J., 2000. NTSYS-pc. Numerical Taxonomy and Multivariate Analysis System, 
Version 2.1. Setauket, NY, USA: Exeter Publishing. 

Rubio, L., Ayllo'n, M.A., Guerri, J., Pappu, H., Niblett, C. And Moreno, P. (1996) 
Differentiation of citrus tristeza closterovirus (CTV) isolates by single-strand 
conformation polymorphism analysis of the coat protein gene. Annals of 
Applied Biology 129, 479-489. 

Sambrook, J. and Russell, D.W. (2001) Molecular Cloning - A Laboratory Manual. 

3rd edn. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press. 
Samiappan, R. and Vidhyasekaran, P. (1981) Differences between Macrophomina 
phaseolina isolates causing root-rot and leaf-blight of urid bean. Indian 
Phytopathology 43 : 407-448. 

Sancho T., Gimenez-Jurado G., Malfeito-Ferreira M. and Loureiro V. (2000). 
Zymological indicators : a new concept applied to the detection of potential 
spoilage yeast species associated with fruit pulps and concentrates. Food 
Microbiol. 17: 613-624. 

Sandhu, A., and Singh, R.D. (1999) Factors influencing susceptibility of cowpea to 
Macrophomina phaseolina. Journal of Mycology and Plant Pathology 29(3): 421-424. 
Sandhu, G.S., Kline, B.S., Stockman, L. and Roberts G.D. (1995). Molecular probes for 
diagnosis of fungal infections. /. Clin. Microbiol. 33: 2913-2919 
Sarkar, S.K., and Pradhan, S.K. (1999) Incidence of leaf blight of sunnhemp caused by 
Macrophomina phaseolina. Journal of Mycology and Plant Pathology 29:143. 

Satto, T., Tomioka, K., Nakanishi, T., and Koganezawa, H. (1999) Charcoal rot of 
yacon (Smallanthus sonchifoUus (Poepp. et Endl.) H.Robinson), Oca {Oxalis 
tuberosa Molina) and pearl lupin (Tarwi, Lupinus muMiilis Sweet) caused by 
Macrophomina phaseolina (Tassij Goid. Bulletin of the Shikoku National 

Agricultural Experiment Station 64: 1-8. 


“Genomic fingerprinting and deveiopment 


M&emphamim phme0lmi 


Bibliography 


Savolainen, V., Cuenoud, P., Spichiger, R., Martinez, M.D.P., Crevecoetir, M. and 
Manen, J. (1995) The use of herbarium specimens in DNA phylogenetics; 
evaluation and improvement. Plant systematics and Evolution 197: 87-98. 

Schilling, A.G. (1995). Characterization and Differentiation of the Cereal Pathogens 
Fusarium culmorum and F. graminearum by PCR-based Molecular Markers. 
Stuttgart : Verlag Ulrich E. Grauer. 

Schilling, A.G., Moller, E.M., and Geiger, H.H. (1996) Polymerase chain reaction- 
based assays for species-specific detection of Fusarium culmorum , F. 
graminearum , and F. avenaceum. Phytopathology 86: 515-522. 

Schlick, A., Kuhls, K, Meyer, W., Ueckfeldt, E., Bomer, T., and Messner, K. (1994) 
Fingerprinting reveals gamma-ray induced mutations in fungal DNA: 
implications for identification of patent strains of Trichoderma harzianum. 
Current Genetics 26: 74-78. 

Schmidt O, Moreth U, 1999. Identification of dry rot fungus, Serpula lacrymans and 
the wild Merulius, S. himantiodes, by amplified ribosomal restriction analysis 
( ARDR A). HoZz^rc/iung 53, 123-128. 

Schnerr, H. Niessen, L. and Vogel R.F. (2001). Real-time detection of the Tri 5 gene in 
Fusarium species by Light Cycler - PCR using Sybr Green 1 for continuous 
fluorescence monitoring. Int. J. Food Microbiol. 71: 53-61. 

Schots, A., Beway, F.M., and Oliver, R. (1994) Mordem Assays for Plant Pathogenic 
Fungi: Identification, detection and cjuantificationl. CAB 

Seetharama, N.; Bidinger, K.R.Rao; Gill, K.S. and Mulgund, M. (1987) Effect of 
pattern and severity of moisture deficit stress on stalk root-rot incidence in 
sorghum 1. Use of line source irrigation technique and the effect of time 
inoculation. Field crop res. 15 : 289-308. 

Sharma, K, and Singh, T. (2000) Seed and seedling infection of Rhizoctonia bataticola in 
Vigna radiata. Journal of Mycology and Plant Pathology 30: 15-18. 

Sherriff, C., Whelan, M.J., Arnold, G.M., Lafay, J.F., Brygoo, Y. and Bailey, J. (1994) 
Ribosomal DNA sequence analysis reveals new species groupings in the 
genus Colletotrichum. Experimental Mycology 18: 121-131. 


^^GeriOfriie fingerprinting nnd clevelopment 


Mmmpimmimi pkwse^iim 


115 


Bibliography 



Siddiqui, Z. A., and Mahmood, 1. (1992) Biological control of root rot disease complex 
of chickpea caused by Meloidogyne incognita race 3 and Macropiwmina 
phaseolina. Nematologia Mediterranea (Italy) 20: 199-202. 

Sinclair, J.B. and Gray, L.E. (1972) Three fungi that can reduce soybean yields. 
Illinaois Research 14: 5. 

Singh, A., Bhowmik, T.P. and Chaudhary, B.S. (1990). Effect of soil amendment with 
inorganic and organic sources of nitrogenous manures on the incidence of 
root rot and seed yield in sesamum. Indian Phytopathology 43 ; 442-443. 

Singh, D., Nema, K.G., and Singh D. (1988) Effect of soil amendment on Rhizoctonia 
bataticola causing dry root rot of chickpea. International Chickpea Newsletter 17: 
23-25. 

Smit, E., Leeflang, P., Glandorf, B., van Elass, J.D. and Wemars K. (1999). Analysis of 
fungal diversity in the wheat rhizosphere by sequencing of cloned PCR- 
amplified genes encoding 18S rRNA and temperature gradient gel 
electrophoresis. Appl Environ. Microbiol 65: 2614-2621. 

Smith, W.H. (1969) Comparison of mycelial and sclerotial innoculum of 
Macrophomina phaseoli in the mortality of pine seedlings under varying soil 
conditions. Phytopathology 59: 379-382. 

Sneath, P.H.A. and Sokal, R.R. (1973) Numerical taxonomy: The principles and 
practice of numerical classification. W.H. Freeman, San Francisco. 

Sneh, B., Jabaji-Hare, S, Neate, S. and Dijst, G (eds) (1996) Rhizoctonia species : 
Taxonomy, Molecular Biology, Ecology, Pathology and Disease Control Kluwer 
Academic Press, Dordrecht, p. 578. 

Sobti, A.K., and Bansal, R.K. (1988) Cultural variability among three isolates of 
R.bataticola from groimdnut. Indian Phytopathology 41: 149-151. 

Sookyung Oh, Pascal Kamdem D, Daniel E Keathley, Kyung-Hwan Han, 2003. 
Detection and species identification of wood-decaying fungi by hybridization 
of immobilized sequence-specific oligonucleotide probes with PCR-amplified 
fungal ribosomal DNA internal transcribed spacers. Holzjbrschung 45, 346-356. 

Spreadbury, C.L., Bainbridge, B.W. and Cohen, J. (1990) Restriction fragment length 
polymorphisms in isolates of Aspergillus jumigatus probed with part of the 


Macrophomina phaseoUm 


Genomic tingerprintiBg and development 



Bibiiography 


intergenic spacers region from the ribosomal RNA genes complex of 
Aspergillus nidulans. Journal of General Microbiology 136, 1991-1994. 

Sreenivasaprasad, S., MQls, P.R., Meehan, B.M. and Brown, A.E. (1996) Phylogeny 
and systematics of 18 Colletotrichum species based on ribosomal DNA spacer 
sequences. Genome 39: 499-512. 


Srivastava, A.K., and Singh, R.B. (1990) effect of organic amendment on interaction of 
Macrophomina phaseolina and Melpidogyne incognita on fresh bean {Phaseolus 
vulgaris). New Agriculturist!: 99-100. 

Su G, Suh S O, Schneider RW, Rusin JS, 2001. Host specialization in the charcoal rot 
fungus, Macrophomina phaseolina. Phytopathology 92, 120-126. 

Su, G., Suh, S.O., Schneider, R.W., and Rusin, J.S. (2001) Host specialization in the 
charcoal rot fungus, Macrophomina phaseolina. Phytopathology 92: 120-126. 

Suarez, Z.H., Rosales, L.C., Rond6n, A., and GonzMez, M.S. (1998) Histological 
alterations on Psidium guajava roots caused by the nematode Meloidogyne 
incognita race 1 and the fungi Macrophomina phaseolina and Fusarium 
oxysporum. Fitopatologia Venezolana 11: 44-47. 

Suleman, M., and Patil, B.C. (1966) Existence ofphysiological races of Macrophomina 
phaseoli causing root rot of cotton. Beitr. Trop. Subtrop. Landwirstch. 
Tropenvetermaermed. 4: 291-298. 

Sutton, B.C. (1980) The coelomycetes: fungi imperfecti with pycnidia, acervuli and 
stromata. Commonw. Mycol. Inst. Assoc. Appl. Biol; Kew, Surrey. England 696 


Taya, R.S., Tripathi, N.N., and Panwar, M.S. (1988) Influence of soil type, soil 
moisture and fertilizers on the severity of chickpea dry root rot caused by 
Khizoctonia hataticola. Indian Journal of Mycology and Plant Pathology 18: 133- 


Taylor, J.W. and Swann, E.C. (1994) DNA from herbarium specimens. In : Herrman, 

B. and Hummel, S. (eds) Ancient DNA. Springer Verlag, Berlin. 

Taylor, J.W. and White, T.J. (1991) Molecular evolution of nuclear and mitochondrial 

Neurospora and oOoer Sordaticeae and comparison 


ribosomal DNA region in 
with the mushroom, Lacca ria. Fungal Genetics Newsletter 3S: 26. 
'Genomic fingerprinting and ticveloptnenf .......Muirophoinui 


Bibliography 




llillii 


llli 


■li 

M ti 

11 


11 


Thakuiji (1979) Chemical control of Macrophomina phaseolina root rot of jute. Indian 
Phytopathology 32-. 280-2S1. 

Tingey, S.V., and del Tufo, J.P. (1993) Genetic analysis with random amplified 

polymorphic DNA markers. PftysioZogy 101: 349 - 352 . 

Townsend, B.B., and Willetts, J. (1954) The development of sclerotia of certain fungi. 

British Mycological Society Trans. 37: 217-221. 

Turenne, C.Y., Sanche, S.E., Hoban, D.J., Karlowsky, J.A. ad Kabani, A.M. (1999). 
Rapid identification of fungi by using the ITS2 genetic region and an 
automated fluorescent capillary electrophoresis system. /. Clin. Microbiol. 37: 
1846-1851. 

Upadhayay, R.K., Arora, D.K. and Dubey, O.P. (2002) Indian Pest Management. 
Aditya Books Pvt. Ltd., New Delhi, India Vol.II. Key Pathogens and Diseases, 
pp: 131-147. 

Vaitilingom, M., Gendre, F. and Brignon, P. (1998). Direct detection of viable bacteria, 
molds and yeasts by reverse transcriptase PCR in contaminated milk samples 
after heat treatment. Appl. Environ. Microbiol, 64A: 1157-1160. 

Vandemark, G., Martnez, O., Pecina, V., and Alvarado, M.de.J. (2000) Assessment of 
genetic relationships among isolates of Macrophomina phaseolina using a 
simplified AFLP technique and two different methods of analysis. Mycologia 
92(4): 656-664. 

Vasudaeva, R.S. (1941) Studies on the root-rot disease of cotton in Punjab. XL Effect 
of mixed cropping on the incidence of disease. Indian Journal of Agricultural 
Science 11: 879-891. 

Vasudaeva, R.$. and Ashraf, M. (1939) Studies on the root rot disease of cotton m 
Punjab. Vn. Further investigations of factors influencing incidence of the 
diseetse. Indian Journal of Agricultural Science 9: 595-608. 

Versalovic, J., F. J. de Bruijn, and J. R. Lupski. 1998. Repetitive sequence based PCR 
(rep-PCR) DNA fingerprinting of bacterial genomes, p. 437-454. In F. J. de 
Bruijn, J. R. Lupski, and G. M. Weinstock (ed.). Bacterial genomes: physical 
structure and analysis. Chapman and Hall, New York/N.Y. 


118 


“Genomic fingerprinting and (.Icvelopmeiit 


.Macropkomim phaseolim* 


Bibliography 


Vigalys, R and Cubetta , M.A (1994) Molecular systematics and population biology of 
rhizoctonia . Axmual Review ofPkotopahtology 80: 151-158. 

Vilgalys, R. and Gonzalez, D. (1990) Ribossomal DNA restriction fragment-length 

polymorphisms in R/iizocfowia so/am'. P/tT/fopflf/ro/ogy 80: 151-158. 

Ward, E. and Akrofi, A.Y. (1994) Identification of fungi in the Gaeurmnnomyces- 
Phialophora complex by REFLPs of PCR-amplified ribosomal DNAs. 
Mycologicd Research 98: 219-224. 

Watanabe, T.; Smith, R.S. and Snyder, W.C. (1970) Population of Macrophomina 
phaseoli in soil and effected by fumigation and cropping. Phytopathology 60 : 
1717-1719. 

Welsh, J., and McClelland, M. (1990) Fingerprinting genomes using PCR with 
arbitrary primers. Nucleic Acids Research 18: 7213-7218. 

Whitaker, A. (1976) Amino acid transport in fungi; An essay. Trans. Br. Mycol. Soc. 67: 
365-376. 

White, T.J., Bruns, T., Lee, S., and Taylor, J.W. (1990) Amplification and direct 
sequencing of fxmgal ribosomal RNA genes for Phylogenetics. Pages 315-322 
In: PCR Protocols: A Guide to methods and applications. M.A. Innis, D.H. 
Gelland, J.J.Sninsky, and T.J. White, eds. Academic Press, San Diego. 

WiQiams, J.G.K., Kubelik, A.R., Livak, K.J. Frafalski, J.A., and Tingey, S.V. (1990) 
DNA polymorphisms amplified by arbitrary primers are useful as genetic 
markers. Nucleic Acids Research 18: 6631-6635. 

Wokocha, R.C. (2000) Effect of different soil moisture regimes on the development of 
the charcoal rot disease of soybean by Macrophomina phaseolina. African Journal 
of Pure and Applied Sciences 6:599. 

Wyllie, T.D., and Brown, M.F. (1969) Ultrastractiue formation of sclerotia of 
Macrophomina phaseolina. Phytopathology 60: 525-52B. 

Yamagishi, H. Otsuta, Y. Funahashi, W., Ogata, T. and Sakai, K. (1999). 
Differentiation between brewing and non-brewing yeasts using a 
combination of PCR and RFLP . f, Appl. Microbiol. 86. 505-513. 

Yates-Siilata, Sanders, D.M. and Keath, E.J. (1995) Genetic diversity in clinical isolates 
of the dimorphic fungus Blastomyces dermatitidis detected by PCR-based 

“Genomk fingerprinting and deveiopment 


Macrophomina pkaseolim” 



random amplified polymorphic DNA assay. Journal of Clinical Microbiology 33: 
2171-2175. 


Young, C., McMillan, L., Teller, E. and Scott, B. (2001). Molecular cloning and genetic 
analysis of an indole-diterpene gene cluster from Penicillium paxilU. Mol 
Microbiol 39: 754-764. 

Young, P.A. (1949) Charcoal rot in plants in east Texas. Tex. Agric. Exp. Stn. Bull 712 : 


Zazzerini, A., and Tossi, L. (1989) Chlorate sensitivity of Sclerotium bataticola isolates 
from different hosts. Phytopathology. Z. 126: 219-224. 

Zur, G., HaUerma, E.M., Sharf, R. and Kashi, Y. (1999) Development of apolymerase 
chain reaction-based assay for the detection of Aliemaria fungal 
contamination in food products. J. Food Prof. 62: 1191-1197. 




Appendix 


APPENDIX-I 


DNA isolation by Lysis Buffer Protocol 

Harvest 3-4 d^s old mycelia 

Add 500 |iL of Lysis extraction buffer (pH-7.2) 

Crush with frozen mortar-pestle 

Incubate tubes at 65°C for 1 hour with occasional mixing by gently inverting the tubes 
Add equal volume of water-saturated phenol 
Shake for 5-10 min 

4, 


Centrifuge at 13,000-15,000 rpm for 15 min at 4°C 

4^ 

Extract with Water saturated phenol: CHCI 3 : Isopropyl alcohol (25:24:1) 

4 ^ 

Mix by inverting the tubes 10 times very gently 

4 ^ 

Centrifuge samples at 15,000 rpm for 15 min at 4oC 

4 ^ 

Transfer the upper phase with the help of cut tips to a new tube 

4^ 

To this upper phase, add, 1/4* part CHCI3 + 1/ 10* part Sodium acetate 

4 ^ 

Add Isopropanol 0.7 times of the total volume of the upper phase 

4 ^ 

Mix by inverting the tubes 10 times very gently 

4 " 

Centrifuge at 15,000 jm for 15 min at 04°C 
Remove aqueous phase, wash with 70% ic|-cold ethanol (for more than half an hour) 

Decant the H^uid material 

Dry the pellet at room temperature or in a 37oC incubator & add 200 pL of TE buffer 

Store DNA in small aliquots at 4C 
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Bioinformatics tools used in this study 


Chromas 
FASTA, BLAST 


Editing of the raw sequence 
Sequence comparison/ analysis 

Sequence submission at NCBI Genbank 
Sequence retrieval from Genbank and storage 
Multiple sequence alignment and editing 


Sequin, Bankit 


BLAST, FASTA 


Clustal X, 

Genedoc, BioEdit 

Primers, GeneRunner 


Designing of primers and probe 

In silico analysis and testing of specificity of 
Primers and Probe 


GeneRunner, BLASTn 
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Appendix 


APPENDIX-II 


Potato Dextrose Agar (PDA) 


Potato 200 g 

Dextrose 20 g 

Agar agar 17 g 

pH 5.6 

*Streptomycin sulphate 25iJ,g / ml 
dH20 to 1000 mL 


Lysis Buffer 


TrisHCl 

EDTA 

SDS 

2-mercapto ethanol 

pH 


TE Buffer 


TrisHCl 

EDTA 

pH 


TBE Buffer (5X) 


Trisbase 
EDTA 
Boric acid 


Gel loading Buffer 


Bromophenol blue 
Xylene cyanol 
Glycerol 
Water 
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40% Acrylamidey'Bis (37.5:1) 


Acrylamide 

Bis-acrylamide 

dHaO 


Filter through a 0.45 p filter and store at 4 °C, 


10% Ammonium Persulfate 
Ammonium persulfate 
dHaO 


Store at -20 °C for about a week. 


2x Gel Loading Dye 


Bromophenol blue 

Xylene cyanol 

Formamide 

0.5 MEDIA, pH 8.0 

Total volume 

Store at room temperature 


lOxTBE Buffer 


Iris base 108 g 

Boric acid 55 g 

0.5 MEDIA, pH 8.0 40 mL 

dHaO to 1 L 

Mix. Autoclave for 20-30 minutes. Store at room temperature, 


40% Acrylamide/ Bis 


TEMED 


10% Ammonium persulfate 


dHaOto 


Add dHaO to 40 mL and mix. Cast the gel immediately after adding the TEMED 
and ammonium persulfate. 
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6% Gel 

8% Gel 

10% Gel 

12% Gel 

6mL 

8 mL 

10 mL 

12 mL 

4 mL 

4mL 

4mL 

4 mL 

40 pL 

40pL 

40 pL 

40 pL 

400 pL 

o 

o 

400 pL 

400 pL 

40 mL 

40 mL 

40 mL 

40 mL 
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